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ABSTRACT

This military-developed text consists of three blotks
of instructional materials for use by those studying to become
refrigeration and air conditioning specialists. Covered in the
individual course blocks are the following topics: refrigeration and
trouble analysis, thermodynamics, and principles of refrigeration;
major components and domestic and commercial refrigeration systems;
and air conditionling systems (air movement, calculations, and
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contains both teacher and student materials. Printed instructor
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MILITARY CURRICULUM MATERIALS.

The military-developed curriculum materials in this oourse .«
package were selected by the National Center for Research in
Vocational Education Military Curriculum Project for dissem-
ination to the six regional Curriculum Coordination Centers and
other instructional materials agencies. The purpose of
disseminating these courses was to make curriculum materials
developed by the military more accessible to vocational
educators in the civilian setting.

The ocourse materials were acguired, evaluated by project
staff and practitioners in the field, and prepared for

were deleted, copyrighted materials were either amitted or appro-

val for their use was obtained. These course packages contain ) .
curriculum resource materials which can be adapted to support \
vocational ,instruction and curriculum development. \
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The National Center for Research in Ef g
Vocational Education’s mission is to increase HES
the ability of diverse agencies, institutions, e : :
and organizations -0 solve educational prob- o 4 =2
- . lems relating-to individual career. planning, P \;;_‘; i
preparation, and progression. The National ‘ ;,g *
Center fulfills its mission by: W =

¢ Generating knowledge through research

¢ Developing educational programs and ./
» products -

_

¢ Evaluating individual program needs
and outcomes

5

"o Installing educational programs and
products

¢ Operating information systems and
services

¢ Conducting leadership development and
training programs

v, o

FOR FURTHER lNFORMATldN ABOUT’
Military Curriculum Materials -

WRITE OR CALL
Program Information Office
The Nationat Center for Research in Vocational

Education . . INE
The Ohio State University - - ~ . ;
. . 4. .1960 Kenny Road, Columbus, Ohio 43210 , \ .
% Q Telephone: 614/486-3655tr Toll Free 800/ ) ST T s T e T
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What Materials
Are Available?
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an activity to increase the accessibtlity of
mulitary developed curficulum materials to
.vocational and technical educators.

This project, funded by the U.S. Office of
“Education, ~includes_the identification and
acquisition of curriculum mvaterials.in_print
form from the Coast Guard, Air Force,

Arrmy, Marine Corps anpd Navy.

Access to military curriculuns materials is
provided through a “Joint Memorandum of
Understanding” between the U.S. Office of
Education and the Department of Defense.

The acquired materials are reviewed by staff
and subject matter specialists, and courses
deeined applicable to vocational and tech-

nical education are selected for dissemination.

The National Center for Research in
Vocational Education is the U.S. Office of
Education’s designaled representative to
acquire the materials and conduct the project
activities. ”

Project Staff:
Wesley E. Budke, Ph.D:, Director
National Center Clearinghouse

Shirley A. Chase, Ph.D.
Pro;ect Dlrector

EKCJ

wll Toxt Provided by ERIC

One hundred twehty courses on microfiche
(thirteen in paper form) and descriptions of
each have been provided to the vocational .
Curriculum, Coordination Centers and other
instructional- matena!s agencies for dissemi-
nation. '

” -~ Course matenals inciude programmed

instruction, curnt:ulum outlines, instructor
guides, student vyorkbooks apd technical
manuals

The 120 courses. represent the following
sixteen vocational subject areas:

Agriculturel Food Service

Aviation v Health

Building & - Heating & Air
Construction Conditioning
Trades ‘ Machine Shop

Clerical Management &

Supervision
Meteorology &

Occupatioris
Communications
Diafting . Navigation
Electronics Photography
Engine Mechanics Public Service

. The number of courses and the subyect areas
represented will expand as additional mate- -
rials with application to vocational and
technical education are identified and selected
for dissemjnation.
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Contact the Curriculum Coordination Center
in your region for information on obtaining
materials (e.g., availability and cost). They
will respond to your request directly or refer
you to an instructional materials agency
closer to you.

CURRICULULT COORDITIATION CLNTERS

EAST CENTRAL - - . NORTHWEST
Rebecca ﬁ Douglass William Daniels
Director Ditector

100 North First Street  Building 17

Springfield, 1L 62777  Airdustrial Park 5
217/7820759 Olympia, WA 98504
206/753-0879
MIDWEST SOUTHEAST
. Robert Patton James F. Shill, Ph.D.
Director Director

1515 West Sixth Ave. Mississippi State University

Stillwater, OK 74704 Drawer DX

405/377-2000 Mississippi State, MS 39762
601/325-2510

NORTHEAST WESTERN

Joseph F. Kelly, Ph.D.  Lawrence F. H. Zane, Ph.D.

Director Director

225 West State Street 1776 University Ave,

Trenton, NJ 08625 Honoluluy, H1 96822

609/2926662 808/948-7834
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Course Description

'
.

Training 0 this course inciudes refrigeration theory, refrigeration and air conditioning systems operaung principies, psychrometrics, water treatment,
electrical curcuitry and test equipment, and the operation, maintenance, and troubleshooting of refrigeration and air conditioning systems and controis.
A prerequisite for this course 1s Refrigeration and Air Conditioning Spacialist | through X, courses 11-6, 11-7, and 11-8 in this catalog. This course
consists of three biocks covering 192 hours of instruction.
Block | - Refrigeration and Air Conditiorng Systems contains two lessons including 77 hours of instruction. A thurd lesson on the course
orientation has been deleted because it discusses mulitary procedures and forms. The lesson topics and respective hours toliow.
Electrical Principles, Circuit Components and Trouble Analysis (39 hours) ,
Thermody namics, Principles of Refrigeration {38 hours)

Block 1 - Major Components, Domestic and Commercial Refrigeration Systems contains two lessons covesing 46 hours of instruction,

-

Refgigeration and Air Conditioning Components (16 hours)
Do%and Commercial Refrigeration Systems {30 hours)

Block 1l - Air Conditioning Systemns contains four lessons covering 69 hours of instruction.

Air Movement, Calcuiations, and Psychrometrics {16 hours)
Direct Expansion Air Conditioning Systems {16 hours)
Centrifuga!l Air Conditioning Systems {20 hours)
Absorption Systems {17 hours) :

This course contains both teacher and student materials. Printed instructor materials include lesson plans and a pian of instruction detailing the teaching
steps by unit of instruction, criterion objectives, the duration of the lesson, and support material and guidance needed. Student materials consists of study
yuides containing text information and workbooks containing objectives, assigniments, and review exercises for each block of instruction. The materials
can be implemented as is or adapted for individualized remedial or independent study.

ERIC . .

.
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e
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% YEPARTMENT OF THE AIR FORCE PLAN OF INSTRUCTION 3AZR54550-2

” .~ “THAF School of Applied Aerospace Sciences (ATC) y (PDS Code CVN)
. Sheppard Air Force Base, Texas 76311 15 March 1974 4
' FOREWORD:

1. PURPGSE. This plan of/instruction prescribes the qualitative requirements for

Course Number 3AZR54550-2, Refrigeration and-Air Conditioning Equipment, in terms

of ¢riterion objectives presented by units/modules of instruction, and shows duration,
cerrelation with the tramning standard, support materiats, and instructional guidance.

It was developed under the provisions of ATCR 52-33, Instructional System Develop-

ment, arnd ATCR 52-7, Plans of Instruction. 4

2. COURSE DESCRIPTION. The course trains selected Air Force operating and
maintenance personnel who possess AFSC 54450/70 or 54550/70 and who are not grad-
uates of Course 3ABR34530, Refrigeration and Air Conditioning Specialist. It includes
refrigeration theory. refrigeration and air conditioning systems operating principles,
psvchrometrics, water treatment, electrical circuitry and test equipment, and the
operation, m~‘.:ten2nce, and troubleshooting of refrigeration and air conditioning
systems ard controls. In addition, reldted training is provided on troop information
program and commander’s calls/briefings, etc.

3. EQUIPMENT ALLOWANCE AND AUTHORIZATION. Training equipment required
to conduct this course is listed in Equipment Authorization Inventory Data Number
3ABR545300000. Training equipment authorizations for this course are based on the
following Tables of Allowance:

TA 404 .Civil Engineering Refrigeration, Air Conditioning, Heating Shops, and
/ . Central Heating Plants H{WRAMA)

TA 483 Civil Engineering Water, Sewage Disposal Treatment, Potable Water
_Analysis and Pest Control (WRAMA)
TA 504 Food Service (Nontacticai) (WRAMA)

- NOQTE: Group size is shown in parentheses after equipment listed in column 3 of
¢ numbered pages of this POL ) PR _)

4 MULTIPLE INSTRUCTOR REQUIREMENTS. Units of instruction which require
sore than one instructor per instructional group are identified in the multiple instruc-
tor annex to this POIL.

5. REFERENCES. This plan of instruction is based on COURSE TRAINING STANDARD
SH52-3AZR54550-2, 6 November 1973, and COURSE CHART 3AZR54550-2, 23 January
1374, . . )

A

FOR THE COMMANDER

-7 ; B .
/ g
Dol s
FRANKLYNC. SNYDER., Colonel, USAF
Chief. Operations Division

Supersedes Plan of Instruction 3AZR54550-2.730 August 1972
OPR: Department of Civil Engineering Training
DISTRIBUTION: Listed on Page A

i
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PLAN OF INSTRUCTION

CORYE TITLE

Refrigeration and\A\r Conditioning Fquipment

Rc(r:geratlon and Air Conditioning Systems

&

OURAYION . .
L T Al R TER N GBEIELTY ES (HOURS: SOPFOC Y wal (RIALY AT Gl AN E
2 3
1. Course Orientation 1 Cotumn 1 Reference CTS Refgrencc-
Day 1 None None T
a. Welcome (1)
nstructional Materials
b. Role of air power in peace in warfare 3G 3AZR54550-2-1-1, Course Orientation
. _ - B | AFM 127-101, Indus’cr'xat Safety—AccidentPreventionHandbesk
c. Twportance of course to the Air Force ~ | TSCHR 50-30, Student Orientatiun and- Me&mbmna—%—llpoc&h?a
Pieneit l Xt ATS 787- 32 MlackeaT el Zzao
d. Individual benefits including CCAF Training Methods
credif hours to be gained from this course Discussion (1 hr) / ’-"3)7?/
e. Disposition of course graduates Instructional Enviroriment/Design
Classroom (I hr)
f. Overview of course Group/Lockstep
g. Responsibilities of students Instructional Guidance
. Welcome students to the course and stress benefits to be derived.
h. School policies and regulations, ‘ Present an overview of the course, discussing school policies and
including grading practices regulations. Accident prevention, safety and emergency exercises
shall be stressed. Discuss the chain of command and point out
i. Safety precautions recreational facilities on the base and local area.
j. Safeguarding classified infor mation
. .
k. Counseling and remedial instruction
1. Proficiency advancement of qualified
students g
. i
pLan 6f mstrucTionno  SAZR54550-2 oaTe 15 March 1974 .BLDCX NO.' 1 PAGE NO 1
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RLAN OF INSTRUCTION (Continved) ,
2 . —
. DURATION < oz N
SHITLOF WLTRUCTIOR AND CRITERICH &5 "ozl | 2(.4 D'JQ;) \ $ PENR M-tira 0 ] ate
m. Honor gradudte program - T T
n. Slielter exercises and procedures i
o. Student critique program
p. Necessity of clearing in through
Student In-processing at Base Personnel
- - q. Attendance mandatory unless L. e L
officially excused .
’ - - N B ’\\
r. Enex}rﬁsserv'ation : B '
] . s. Care of training literature '
2. Electrical Principles, Circuits, ’ 39 Column 1 Reference CTS Reference
Components, and Trouble Analysis, Days 1 2a : Ta, 1b, 1c, 1d, 1d(1), 1d(2). 1d(3)
. ‘thru § 2b ' Te(1), 16@), 1e@ =
a, Usingan electrical trainer and workﬁ\'/ 1 2¢ Ty, 112, @Y R
{_ book, construct an operative simple de circuif 24- | 11) 1g(2), 1g3) .
conSIStlng of power source, protective device, 2e Ihﬂ) 15125 .
switch, lamp, and an. ammeter. -Analyze the 2f 11(15, Ii(2y,- 1i(3)
gurrent flow observing ail applicable safety | Dayl 2g 7im, §G@), 1i3), 1j(4)
JSprecautions. = e (5/2) 2h ‘ Tk(), Iﬂ?) l'k"(3)
b. Using an electncat*t’rai:ner and /° Instructional Materials
multimeter, measure voltage and resistance SG 3AZR54550-2-1-2, Electrical Principles, Circuits, Components,
of circuits to. an—accuracy of + 5%, observing| Day 2 "~ and Trouble AnalyS1s
L -all apphcable safety precautxons (3/1) .| WB 3AZR54550-2-1-2-P1, Identify Electrical Units, Construct and
Yo . e , Analyze Current Flow in a Circuit
AT o _:,f*' -
PLAN OF INSTRLCTION NO 3AZ‘}{54550-2 S OATE & March 1974 l BLOCK NO. 1 . Lom‘..? - —.2‘———“_
- . e { :

1_—'\ . . .




PL AN OF INSTRUCTION {Continued)

y A

b of PSTEUCMON aD CRTEROH 387 THei” 20‘;":0?;;?“ ) UPPOR™ MATERIAL L AND Tl ANCE )
¢. Usingthe workbook and wiring WB 3AZR54550-2-1-2-P2, Multimeter Reading and Cireuit Construction
trainer, construct an operative series and WB 3AZR54550-2-1-2- P3 (:muit Analysis
parallel circuit. Using the multimeter apply WB 3AZR54550-2-1-2-P4, Raainga \Iotor Data Plate,, Motor
Ohms Law and circuit characteristics to find Construction and ermg
the unknown factors for each circuil observing WB 3AZR54550-2-1-2-P5, Troubleshootmg ac Clrcmts /(-
all applicable safety precautions.. (3/1) Textbook; Modern Refngeratlon and Air Condlhomng .
d- Usmg the workbook, multimeter, and Audio Visual Aids . .
electrical trainer locate 100'r of the bpens Transparencies- £(z¢ Tead C.‘(,Lutk:t\'p ;
shorts, and mechani¢al malfunctions ., . Day3 Training Film 4144, Basic Electricity . ‘
observing all applicable safety preca%‘ions. (2/1) Training Film 6081, Basic Electricity * R .
. -StideRecord-Sets
_e. Using the workbook, identify tﬁ%
operating characteristics of ac circuits con- | Training Equipment .
taining capacitance and inductive reactance. (1/.5) Trainer, rundamental electric prmmples (12)
Bench item, Galvanometer. - (12) ~
f. Dsing workbook scliematic and wiring Bench item, Dynamo, hand-operated (12)
trainer connect 110, 220 volt singlesphase and| ¢ Trainer, Multimeter Reading (1) ‘
220 volt three- phase components to a power Trainer, Multimeter (12} ;
supply observing all workbook requirements |- Trainer, DCTroubleshooting (12) L o
| and applicable safety precautions. (37.5) Trainer, Component wiring (12) .o
. ' Trainer, Electric Motor (12)
g. Using workbook schematics, identify Trainer, ACTroubleshooting (12)
major components and wire schematically e
three-phase and single-phase motors Day 4 . | Training Methods ¢ .
observing data’plate requirements. (6/2) Discussion/demonstration (15 hrs) ¥
Performance (13 hrs) Lo
Training films (1 hr) , o
Outside assxgnment (10 hrs) S
o
, ' . » R
pLAN OF nsTRUCTon N0 3AZR54550-2 pATE 15 March 1974 sLOEx NO. J , PAGE KO 3 ‘
3 , ' -
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N PLAN OF INSTRUCTION {Continued) z{
DU RPN
ONITS OF My TRUCTION AKD CRITERION SFITRIIVES (HOUKS) \UPPORT wattRIalS ant 5, TanTF
: 3

h. Using the workbook, multimeter, and
ac troubleshooting trainer locate 1007 of the
malfunctions on the 120 volt, 60 cycle, single-
phase trainer, 100 - of the malfunctions on the
220 volt, 60 cycle, siggle-phase trainer, and
1007 of the malfuncti& on the 220 volt, 60
cycle, three-phase trainer observing all
applicable safety precautions.

3. Thermodynamics, Principles of
Refrigeration

a. Using a schematic of a refrigeration

system name the components and trace the
flow of retr{gerant through the system.

“

Day 5
(6/2)

38
Days 6
thru 10

Day 6
(6/2)

Classroom (16 hrs)
Laboratory (13 hrs)
Study Hall (10 hrs)
Group/Lockstep

Instructional Environment/Design \

Instructional Guidance

Discuss the principles of electricity covering voltage, current, and
resistance and the different tvpes of circuits. Discuss care of meters
and various types of electrical test instruments and their principtes of

application.- Troubleshooting- of-dc electrical circuits using.meters and
ohms law. ‘

Discuss troubleshooting procedures for locating opens, shorts, and
mechanical malfunctions in electrical circuits. Stress the difference
between ac and dc electricity. Discuss wiring of electrical components
to power supplies and the types of transformers.

Discuss types of electric motors used in refrigeration and air condi-
tioning, the major qomponents and internal and external wiring, Dis-
cuss capacitors as eir types, selection and troubleshooting. . Dis-
cuss procedures for troubleshooting ac circuits for opens, shorts and
low power conditions. Use films and transparencies to aid the dis-
cussion and stress electrical safety at all times.~ '

Column 1 Referehce CTS Reference

3a "Za, 2b, 2c, 24, 2¢
3b I T T
3c 2g, 2h, 2h(1) :
3d R

FLAN OF IISTRUCTION NG

3AZR54550-2

DATE 15 March 1974

B8LOCK NO. 1
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PL AN OF INSTRUCTION (Continued)

OURATION

e e s e —

b,

mical operalion.

c.
plot the refrigeration cvcle.

d.

system capacity.-

-

Lt rS:;s INSTROC TION AtD CRITERION GHIETTH LS ) (OuR Y SUPPNART MATERIN « AND 5 L =t
Using selection charts and data Instructidnal Materials
provided, culculate the heal load for a given SG JA7Z1154550-2-1-3, Therun«:dynamics, Principles of Refrigeration
temperaturce and select and evaporator and WB 3AZR54550-2-1-3-P1, “i..jo: Components and Refrigerant Flow
condensing unit to handle this load for econo- Day 7 Through a System
(6/2) WB 3AZR54550-2-1-3-P2, Calculating Heat Loads and Equipment
i Selection
Using a pressure-enthalpy diagram Day 8 | WB 3AZR54550-2-1-3-P3, Plotting the Refrigeration Cycle With the
(6/2) Pressure-Enthalpy Diagram
| WB 3AZR54550-2-1-3-P4, Plot the Refrigeration Cvcle and Check
Using the pressure-enthalpy diagram Operation and Efficiency of a System Using the P.E. Diagram
and the operating pressures of a refrigeration Textbook; Modern Refrigeration.and Air Conditioning .
system, plot the cycle and operation of the
system efficiency to a2 + 5% of the rated Days 9, 10| Audio Visual Aids . . Py
- (12/2) Transparencies Y{L%Z'MW""V v ’5',
StideRecordScts

cwmabbad A- 6c~<c(.:,o, %(?/ji.l,?/:a s é(,c,é

Charts facnccoiie <f Lof e
Training Film 5536a, Basi¢ Refrigeration
Training Methods

Discussion/Demonstration (18 hrs)
Performance (11.5 hrs)

Training Film (0.5 hr)

Outside Assignment (8 hrs)

Instructional Environment/Design
Classroom (30 hrs)

Study Hall (8 hrs)
Group/Lockstep

Instructional Guidance

Discuss matter, pointing out its different states. Discuss heat, the
types and methods of transfer. Use transpatencies and training film
5536a to aid in discussing the refrigeration cycte. :

PLAN OF INSTRUCTION NO
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0ATE 15 March 1974
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PLAN OF INSTRUCTION {Continued)

15 March 1974

DURATION -
. ON TS GF NSTRUZT.ON AND CRTERIGN OBIECTIVES R (HOURS; ) SUPPORT MATERIALS AND CUID &L &
Discuss methods of calculatinT heat loads and types of heat to be .
considered, Discuss thecha is used to select equipmeit to remove the
heat 1oad calculated.
Discuss checking system operation and efficiency using the P.E.
diagram and different refrigerants.
Discuss refrigerants and their thermodynamic properties and the P . E.
chart and methods of plotting the cycle.
4. Related training. (identified in Course (2)
Chart) i . - i
>
- {
N
.-
PLAN OF INSTRUCTIONR NO. 3AZR54550—2 DATE . BLOCK NO.

1 PAGE NO. 6




PL AN OF INSTRUCTION

COURSE TITLE

i

Refrigeration and Air Conditioning Equipment

oeOlr 1T E

Ma)or Components Domestic and Commercial Refrigeration Systems

UNAPS OF iNSTRUCTITH 2700 TX & ON OBJEX f"i/

ODURATION
\HOURS)
H

SYPPORT MATERIALS AND L DANTSE
k)

Refrigeration and Air Conditioni

Components

a, Using workbook schematic, pressur¢
and temperature readings, check the operation
of the compressor, condenser, evaporator and
metering devigg to-provide correc{ operating
conditions as shecified by workbook require-
ments. .

b. Using workbook schematic, selection
charts, and data provided, size system liquid
line, suct1on line, discharge line, and con-
denser to receiver drain line to prov1de
acceptable pressure drop and gas velocity as
specified by workbook requirements. ’

16
Days 11,12

" Study Hall (4 hrs)

CTS Reference

3a(1). 32y, Ja(3), 3a(4). 3b(1).
36(2), 36(3). 3b(d). 3bl5), Je).
3¢(2), 34D, JA(@). 3e(1), Jel2),
3e(3), Je(d), 3el5), 3e(®6), 3elT),
B_f_f)‘eim Je (9) 3 (ID) —3—(115——3_(12)

Column 1 Reference
Ta

1b.

Instructional Materials
G 3AZ -2-11-1, Major Components, Domestic and Commercial

Refrigeration Systems

WB 3AZR54550-2-11-1-P1, Check Operation of Compressor. Coridenser,
Evaporator and Metering Device, and Size Refrigeration System
Piping

Textbook; Moderx\Refmgerauon and Air Conditioning

Audio Visual Aids

Transparencies — y"zf*‘-i"’*—“t‘“ and e &”m%ﬂ

—Shde—Resepd-Seés%Ps s

Training Methods
Discussion/Demonstration (3 hrs)
Performance (6 hrs)

Training Filins/Slides (3 hrs)
Outside Assignments (4 hrs)

Instructional Environment/Design
Classroom (12 hrs)

Group/Lockstep

3AZR54550-2 -

PUAN OF 1NSTRWETIONNO.

DATE

15 March 1974

PAGE NO.

BLOCK NO.




PL AN OF INSTRUCTION {Continued) x

2%
e
DURATION s 7
NI TS OF ere, Ta, " THD% 38T CR TERON OBJECTIVES (HOURS, SUPFORT MATERIALS ANT 55 TanE
y ! 2 3

Instructional Guidance

Discuss the major cor:poncits of refrigeration systems using slide
record sets and transparencies. Discuss refrigerant piping using
slide record sets and transparencies.

€

2. Domestic and Commercial Reirigeration 30 Column 1 Reference CTS Reference
Systems Days 13, | 2a . Iz, 4u, 4c. 4cl1), 4c(2), 4e(3).
. 14,15,16 Tcldy deb), 4d” T T
a. Using a domestic refrigerator wiring 2b . Ie(D), Te(® ~— -
diagram, schematically wire current flow thruy ~ 2c . e(3), &e
| hot wire, thermal, current, and potential 2d . -~ Ba, 5b, 5c, 5¢(1)
relays for correct operation and schematically ’ 2e C - - B T T e o ]
wire two and three terminal thermal overload | Day 13 2f 5c(3)
protectors for correct operation. (6/2) 2g 5¢(d) : :
2h 5d, 5d(1), 5d(2). 5d(3), 5d(4)
b. Using a hermetic compressor and - »
multimeter, determine the common, start, Instructional Materials o
and run terminals of the cpmpressor and SG JAZR54550-2-11-1, Major Components, Domestic and Commercial
{ check the compressor for open or shorted Day 14 Refrigeration Systems
motor windings. (3/1) WB 3AZR54550-2-11-2-P1, Wiring Electrical Relays
i WB 3AZR54550-2-11-2-P2, Analyzing Hermetic Compressors
c. Using a hermetic compressor and WB 3AZR54550-2-11-2-P3, Wiring Commercial Systems
motor starting cord and motor start analyzer WB 3AZR54550-2-11-2-P4, Operation and Adjustment of Multi-
check the compressor for operable condition. (3/1) evaporator Systems

: Teatbook; Modern Refrigeration and Air Conditioning
d. Using a2 commercial refrigerating

unit wiring diagram, schematically wire a Audio Visual Aids _ o ‘
magnetic line starter with line, load, and Day 15 Transparencies - Bm&lo and Commieras %’L ; [ & '/
control circuits for correct operation. 2/.5) Training Eilm, 6038a, Electrical Troubleshooting. Compressors 1.

. Training Film, 5624, Starting Relays
.Training Film, 6038b, Electrical Troubleshooting, Compressors
. - Training Film, TF6038b, Compressors, Hermetic and Semiher metie®} -
Starting Relay Circuits ; 2 . ;
Y n.u.:}%a:zglgﬁt._g{;n . &‘%’ (’chu &iz_u'éol

hmoinlicd Shieleo . ATS B4 =8 (Lensd a%&u&wﬂ :
PLAN OF INSTRUCTION HO.  3AZR54550-2 0ATE 15 March 1974 BLOCK NO. 10 PAGE NO. 8
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PL AN OF INSTRUCTION (Conhpued)

e e = i e et e}

Use training

Use transparencies

Discuss the purpose

Emphasize

. T UNITS OF 'N3T#UCT On anl CR-TERION OBIECTIVES 2D:JHR°AJ';?:4 ) SUPPORYT MATERIALS AND GUICANTE
A
e. Using a commercial refrigerating Training Equipment
unit wiring diagram, schematically wire Trainer, Hermetic Comprescsr (12)
temperature low and high pressure motor Trainer, Multipie Evaporator System (12)
controls and compute adjustments to maintain Multimeter (12)
desired conditin;s stated in the workbook. (2/.5) Motor Starting Cord (12)
( _ Motor Start Analyzer (12)
f. Using a commercial refrigerating
unit wiring diagram, schematically wire an Training Methods
oil pressure safety failure control and com- Discussion/Demonstration (8 hrs)
pute adjustment to maintain the conditions Performance (12 hrs)
specified in the workbook. (1/.5) Training Film (3 hrs)
: . , Outside Assignment (6 hrs)
g. Usinga commercial refrigerating
unit wiring diagram, schematically wire an Instructional Environment/Design .
automatic defrost control and compute Classroom (i8 hrs)
adjustment to maintain condifion specified in Laboratory (6 hrs)
the workbook. (1/.5) Study Hall (6 hrs)
_ » Group/Lockstep
h. Operate and adjust a multi-evaporatox
system to maintain the different spaces to the | Day 16 Instructional Guidance ] .
temperatures specified in the workbook. (6/0) Discuss domestic refrigeration and the construction features of domes-
) tic refrigerators. Use transparencies and training films to aid in the
discussion of wiring and relays. Discuss the construction and types of
hermetic compressors used in domestic refrigeration.
film to aid in the discussion of methods of analyzing hermetic com-
pressors. Stress safety practices involved. Discuss the construction
and major components of a typical walk-in system.
- . and trd ning film to aid in the discussion of wiring and adjustment of
control gystems common to commercial systems.
of multiple systems and the methods sBdto obtain different areas-at
different temperatures. Use tiansparencies to aid in the discussion to
. . illustrate the use of control devices and their adjustment.
3. Ié;;a;ttc;d Training (identified in Course (2} safety at all times.

PLAN OF INSTRUCYION NO.
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COURSE TITLE 4
PLAN OF INSTRUCTION Refrigeration and Air Conditioning Equipment
8LOCK LiTLE
Air Conditioning Systems
UNITS OF IRSTRUC TION AND CRTERION OBJECTIVES D?HRO;T;?;‘ SUPPORT MA\* ERIALS AND GUIDANCE
1 2 3 B
1. Awr Movcmeﬁt, Calculations, and 16 Column 1 Reference CTS Reference
Psychrometrics Days 17,18 1a 6a, 6b, 6b(1), 6b(2)
1b 6a, 6b, 6b(1), 6b(2)
a. Using sling psychrometer, determine lc 6a, 6b, 6b(l), 6b(2) .
| the wet bulb and dry bulb tempe ratures of air, . 1d 6b(3), 6b{4); 6b(5)
and wet balb depression, within 2% accuracy. Day 17 | le . A _ ~ 6b(3), 6b(4), 6b(S5)
(1/.5) 1f : 6b(3), 6b(4), 6DB(B) - ~ T 77
"p. Using workbook and psychrometeric Instructional Materials
chart, _plot given air measurements to deter- SG 3AZR54550-2-111-1, Air Movements, Calculations, and
mne thetair conditions to within 2" accuracy. (2/.5) Psychrometrics )
WB 3AZR54550-2-111-1-P1, Determining Wet Bulb, Dry [}Ab and Wet
¢. Using workbook project, handout Bulb Depression
reference tables, and load estimate forms, WB 3AZR54550-2-111-1-P2, Air Conditioning Process Calculations
estimate the sensible, latent, total hourly Textbook: Carrier Air Distribution Manual
heat load, and sensihle heat ratio of the load .
to 95% accuracy. (3/1) Audio Visual Aids
Transparencies - Uy 2 Xrde me o aned Pacpchre miliec o
d. Using psychrometric chart and -Sﬁde-Recvrd'Set‘S'?){:-oyé 1l Sbcleo ATS SH-N, 1 R43 o ehne
workbook exercises, determine air mixture Charts - (e< Pt snisel Gerlel //&(.ff«,ftpf,bf‘d'd/ ’ d/’fé -
{ for final conditions and solve air conditioning Day 18 . K S Solatas o
processes problems to within 2% accuracy. <(2/.5) Training Equipment - C /
Chart, Psychrometric (12) ] ,
e. Using psychrometric chart and heat Sling Psychrometer (1)
load estimate results, determine within 5% ™~ Ductulator (12) -
accuracy, the supply air condition and volume ' - .
requirements to remove the hourly sensible Training Methods
and latent heat loads to maintain comfort Discussion/Demonstration (4 hrs)
conditions within a given building. (2/1) Performance (8 hrs)
Qutside Assignment (4 hrs)
PLAN OF INSTRUCTIGN NO. 3AZR54550-2 paTE 15 March 1974 BLOCK NO. 1M PAGL NO 10
- ______,. "" »~-'- . B L P2 .




PL AN OF INSTRUCTION {Continued)
ODURATION
, UNET ) OF INSTROCTION AnD CRITERICN OBJECTIVES 2 (HOURS) 3 * SUPPOR.T MaTERIALS AND GUDANTE
f. . Using calculated air volumes and Instructional Environment,/D *Sigzi
workbook steps, adjust air volumes to within Classroom (12 hrs) ‘
5 of the specified CFM for each outlet of an Study Hall (4 hrs)
air distribution system. ' (2/.5) Group/Lockstep
Instructional Guidance .
Discuss the terms relating to the psychrometric chart and the<procedures
for determining the properties and conditions of air. Discuss the
procedures for determining and caleulating air conditioning hedt loads.
i Discuss air mixing methods and how to determine the final condition.
Discuss the different types of air measuring instruments and their uses.
The classification and sizing of ducts and methods of determining-CFM-—p—
requirements shall be discussed using the ductulator and selection
tables,
2. Direct Expansion Air Conditioning Systems 16 Column 1 Reference . CTS Reference
Days 19,20} 2a Ta, T, Tc
a. Using assigned window air conditioning 2b 1d, 7d(1), 7d(2), 7d(3), Td(4). d(5), 7d(6)
unit and workbook project; operate and service Day 19
the umt to specifications listed in the workbook.|  (6/2) Instructional Materials
) SG 3AZR54550-2-111-2, Direct Expansion Air Conditioning Systems
“ b. Givep a wiring diagram of the control WB 3AZR54550-2-111-2-P1, Operate and Service Window Air Conditioning
and power circuits of a residential air condi- _ WB 3AZR54550-2-111-2-P2, Operate and Electrically Troubleshoot
tioning unit and a list of trouble symptoms, Day 20 Residential Air Conditioning !
deterntine the cause of each listed trouble. (6/2) Textbook: Modern Refrigeration and Air Conditioning
Audio Visual Aids ' ’ ST
~ - ? e O
, Transparencies /SJLL 4 é’;{/_)a_ PN &LL d”)- [Zzl,]lmtfr\;j d/) K
i ' ! Training Film, 6361, Home Heating and Air Conditioning Coritx-ol_Systexlls,
: Charts -rlic ob Eypamiuso Qv Cor clIiw%mﬁ el i
, "Training Equipment
Trainer, Air Conditioner, Residential (12) O
- Trainer, Air Conditioner, Window (12) - ——— —
PLAN OF INSTRUCTION NO 3AZR54550-2 DaTE 15 March 1974 BLOCK NO- Il | prone. 11 :
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PL AN OF INSTRUCTION (Continued)

o

/

. UNI TS OF INSTRUCTION ANO CRITERION OBJECTIVES 2DYHR°AJ;;?)N \ ' SUPPORT MATERIALS ANO GUIDANCE
, Training Methods
Discussion/Demonstration (4 Lrs)
- Performance ;7.5 hrs)

, Training Film (0.5 hr)
Outside Assignment (4 hrs)
Instructional Environment/Design /
Classroom (4.5 hrs)

) , Laboratory (7.5'hrs)
Study Hall (4 hrs)
Group/Lockstep
N .- i e - /

Instructional Guidance T T T T e e
Discuss air conditioning fundamentals covering the definition and types.
Discuss window air conditioning units stressing the operation, service,
and troubleshooting. Emphasize safety as applicable.
Discuss the residential unit covering components and their functions,
uSe transparencies and training film to discuss unit wiring and control *
systems. Stress troubleshooting electrical systems and residential
unit service procedures.

3. Centrifugdl Air Conditioning Systems ‘90 | Column 1'Reference CTS Reference

Days 21,22} 3a Te, Te(l), Te(2), Te(3), Te(4)
and 23 3b ‘ Te(d
a. Using a centrifugal system schematic, 3¢ » " Me(6)

plot the flow of refrigerant through the system

and label the plots to identify the components Instructional Materials , ‘

and state of refrigerant to conditions specified | Day 21 SG 3AZR54550-2-1I1-3, Centrifugal Air Conditioning Systems

by the workbook. (6/2) WB 3AZR54550-2-111-3-P1, Centrifugal Refrigeration Components and

Cycle :
WB 3AZR54550-2-111-3-P2, Centrifugal Refrigeration Capacity Control
WB 3AZR54550-2-111-3-P3, Troubleshooting Centrifugal Systems -
Manual: .Carrier Centrifugal Air Conditioning Equipment

o —— i $rm—— o e T

3AZR54550-2
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PLAN OF INSTRUCTION (Continued) v
DURATION . "
. UNITS OF INSIRUCHON’AND CRITERION OBJECTIVES ) (HOURS) , SUPPORT MATERIALS AND GUIDANCE
b. Using workbook and equipment pro- o Audio Visual Aids o i '
vided, locate, identify, and give the function Transparencies &_H,LH«LL N3 &715&@19,\,3 «&r:Z;,M,
and operation of the capacity controls of Day 22 |-Slide-RecordSets- y/? 4o -  y ] ( .
centrifugal systems. (6/2) |_Ghambr %/f&d LLiZ:iLid 55(’,&&94%& . (an‘r : b %a.y)m
Ml ,U,é/&ycém oo .
¢. Using given centrifugal refrigeration Training Equipment ' .
machwme problems and troubleshooting chart, Trainer, Air Conditioning, 100 Ton Centrifugal (12)
identify probable causes and list remedies for Day 23 | .~
system failures. ' (3/1) Training Methods
Discussion/Demonstration (9 hrs) |
Performance. (6 hrs)
Qutside Assilgnment (5 hrs) ‘ T
' Instructional Environment/Design
Classroom/Field Trip (13 hrs)
. Laboratory (2 hrs)
Study Hall (5 hrs) ,
Group/Lockstep ,
- Instructional Guidance o
Discuss the relationship between reciprocating and centrifugal systems.
When plotting the refrigeration cycle discuss the states of the refrig-
erant and the major components of the system. During the discussion
use transparencies and slides to aid in student understanding.
Discuss the methods anci types of capacity control systems used in
centrifugal refrigeration systems. Take students on a field trip'to
various buildings to view equigpment of different manufacturers. During
the tour emphasize control locations and similarity of operation.
. ;
Discuss the possible troubles that’may occur with’ centrifugal machines,
their symptoms, and the remedy for each trouble. ’
oATE 15 March 1974 BLOCK NO. I PAGE NO 3 B
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PLAN OF INSTRUCTION (Continued)

UNIT5 OF NS T RUCTIOR-AND CRITERION OBJECTIVES

4 3 {HOURS)

DURATION
SUPPORT MATERIALS AND GUIDA

3

NCE

5. Related Training* (identified in course
chart)

» 6. Course Critique and Graduation

Instructional Environmert /Design_
Classroom (8 hrs)

Laboratory (4 hrs)

Field Trip (2 hrs)

Study Hall (3 hrs)

Group/Lockstep

)@ Instructional Guidance
A\

Discuss the principle of ope
of system fluids through the
cies and training film to aid

1000 man dormitory to view

Discuss the methods of servicing and checking absorption machine
performance using charts and graphs.

ration, location of components, and the flow
lithium bromide system. Use transparen-
in the discussion.

Take students on a field trip to
machines pointing out service points and

system components.

control sequence of

Using transpa

rencies and charts discuss the

operation for a typical lithium br

omide machine.

Discuss pneumatic control

terms and demonstrate calibration of a

capacity controller. Discuss the possible tr
symptoms, and the remedy for each trouble.

2 .

(1.0)

oubles that may occur, their
_Conduct course critique.

v

B8LOCK NO. .

OATE 45 March 1974 s
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PLAN OF INSTRUCTION (Coantinved

. UNITS OF INSTRUCTION AND CRITERION OBJECTIVES ::J"Ro:};:gﬂ ) SUPPORY MATERIALS AND GUIOANCE
4. Absorption Systems 17 Column 1 Reference CTS Reference
'Dayszs,i\jﬁ da - ¢, T1(1), 74(2), T1(3)
. aﬁdiﬁ-v 4b 11(4)
a. Using an absorption system schematic, 4c 7£(5)
identify major components and trace system 4d ' 7¢(5)
fluids flow to conditions specified in the Day 23 de 71(T)
workbook. (3/1) : '
Instructional Materials . —
b. Using workbook project, determine SG 3AZR54550-2-111-4, Absorption Systems
the condition of machine vacuuni and list the WB 3AZR54550-2-MM-4-P1, Absorption Refrigeration Components and
procedures for charging or removing refrig- Cycle ) ‘
erant and absorbent maintaining a solution Day 24 WB 3AZR54550-2-111-4-P2, Servicing Absorption Systems
concentration as specified by the workbook. "16/2) | WB 3AZRS54550-2-111=4=P3, Absorption-ElectricakSystems— — —-- - -
i WB 3AZR54550-2-111-4-P4, Absorption System Capacity Controls
Using an absorption unit wiring WB 3AZR54550-2-111-4-P5, Troubleshooting Absorption Systems
diagram, trace the sequence of operation for Manual: York Operatign, Service and Maintenance o
startup and shutdown of a lithium bromide Day 25 .
machine. (2/0) Audio Visual Aids
) - Transparencies - ¢
d. Using assigned trainer, calibrate and Stide-Reeord Sets fAPScy phica Systems
adjust a capacity controller to maintain 70°F Training Film CE-9, Lithium Bromide Air Conditioning
} 20F. (2/0)  |~Chexnts . .
Rremas vataod Slides : (Lém,OZCx Wm{,a
e. Given a lithium bromide troubleshoot- | Training Equipment
ing chart, complete workbook project by il Trainer, Refrigeration Controls (12)
stating troubleshooting procedures on a system (1/0) ' » .
Training Methods )
. Discussion/Demonstration (9.5 hrs)
. Performance (4 hrs)
Film (0.5 hr) )
Outside Assignment (3 hrs)
Graduation (1 hr) B
A
PLAN OF msfnuc.ﬂou NO. 3AZR54550-2 OATE 15 Nfarch 19% 3 8LOCK NO. m PAGE.HO. - 14
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ELECTRICAL PRINCIPLES, CIRCUITS, COMPONENTS, AND TROUBLE ANALYSIS

f<

This study guide is designed to aid you in becoming familiar with the principles of

Paragraph 7-1 through 7-12.

electricity, the types of eléctrical circuits and various components. it will develop ,
practical proficiency in trouble analysis of electrical malfunctions eommon to refrigera-
tion and air-conditioning equipment.

-

INTRODUCTION:

Have you ever stopped to think what you would be missing if there wasn't any elec-
tricity? There wouldn®t be any lights, radio, TV, fans or refrigeration, and air con- |
ditiohing. ' .

It is your job as a refrigeration and air-conditioning specialist to determine ifa
malfunction is caused by the refrigeration system or the electrical system. Approxi-
mately three-fourths of all refrigeration malfunctions are caused by electrical troubles;
therefore, a good working knowledge is essential in doing your job.

S ek

At first glénce this unit of instruction may dppear quite lengthy, don't let this stop
you from digging in and getting the material. Study it carefully and you will build the 2
sound foundation for successiin your career specialty. . ‘ -
STUDY ASSIGNMENT: 'Modern Refrigeration and Air Conditioning, ' paragraphs 7-1
through 7-43. - . .o .

STUDY NOTES

Electricity is a mystery to most people, in fact many people are afraid of it. These
paragraphs are an elementary study of the essentialsof electricity. They are the things
you must know before you can proceed to a futher understanding of electrical units and
their operation. ' ro

Volts are the pressure units. Amperes are the number of electrons flowing per
second in apy electrical circuit. You must have both, for together they determine the
power. The word amperage means eurrent flow. Electricity has a difficulty in flowing,
the term applied to this is called resistance and its units are called ohms. Ohm's Law
has been used for decades, you need to understand it and know the relationship between

voltage, current and resistance. ] .

Magnetism is a fascinating subject. Motors are possible because of the ability of
electricity to create magnetism and the characteristics of this magnetism as it repels and
attracts in the coils of 2 motor. An electric motor uses the changing magnetism of
alternating current te produce rotary motion. o

o
~
2
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' ‘this is the type’ you will work on most frequently : 4

.Paragraphs_ 7-13 tlfrough 7-19.° . o L

"There you will find an elementary explanation of magnetism, and how it is used to
produce an electric motor. Induction motors are motors that produce motion by induc -
ing magnetism in the rotor. '

Paragraph 7-31.

The refrigeration specialist must familarize himseif with the power ‘'source and
motor properties. The motor properties that must match the power source are voltage,
cycle, and phase. Before installing equipment always check the power source. _

/

Paragraph 7-32. . _ : .

Before connecting the electrical power wires to a motor, you should always check
its voltage rating and the rating of the power line. If you should connect a 120-volt motor
to a 240-volt line the motor will burn out. Always check the voltage at’'the motor leads
with the motor running. Also check the amperage or current draw of the motor, it must , '
agree with the nameplate rating. A motor must always be protected use the correct
size fuse or overload.protectors. i "

Paragraph 7-33. ' R A '

Line voltage has become of increasing concern to the refrigeration speciaiist due
to voltage fluctuations caused by the increased electrical demands. ‘Improper line voltages
cause many problems. Line voltgges can vary from five to ten percent. Line voltage
transformers (figure 7-35) are designed to increase or decrease the input voltage to
motors as needed. K

aragraphs “1-34 and 7-35. T T

The catagories of motors using . ac are listed on these pages. The applications of |,
each)n motor is given. You should be knowledgeable of each type of motor dnd its applica-
tion: . — A

Paragraphs 7-36 and 7-37. ,
Split-phase induction motors are used exclusively as a fractional hp.motor, 1t is

low cost and simple in operation. It has two starter windings; a start winding and a

run winding v

i

Paragraph 7-38. )
“The repulsion-start induction-run motor is used on conventional or open systems,
study this material carefuily

Paragraph 7-39.

The ca.pacitor-start induction motor is the most popular for use in both conventional
and hermetic or séaled systems. This is the motor you should study very carefully as

. L
“
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Paragraph 7-40. ' ' LI% |

’

A reirigeration specialist should becore as expert on motors as possible, he must
be able to determine the trouble i there is a fault in the motor both mechanical and .
electrical. He should be able to replace bearings, starting switches, .and other parts
) as necessary. Mounting, pulley alignment, lubrication, and cleamng of motors are very
important and should be checked whenever you are workmg with motors.

Pa.ragra.ehs 7-41 through T7-43.

Study these figures and paragraphs carefully; they contain valuable information you
must know and will use frequently in the performance of yOur duties.

Hermetic motors will be covered in another unit of study in the course. You may at
ycur own discretion read the xm‘ormahon cavered to prepare yourself for future sftudy
of these systems.

.SUPPLEMENTARY INFORMATION : |

CONSTRUCTION OF MATTER

e

To understand the nature of efectricity, a discussion of matter is necessary. All

maiter, such as metals, water, rubber, and air is made of small particles called
.moaiecules.

Molecules

A molecule is the smallest particle

of any compound that can exist and still
be the same, substance.- For example,
a molecule of salt is the smallest par-
ticle of salt thdt can exist and still be
salt. Let us examine a single molecule
. of salt more closely. If we were to _
T 77T 7divide this one molecule of salt, we ]
wculdn’t have salt any more. We would ‘ SALT MOLECULE
have one atom of sodium and one atom
of chlorine. See figure 1.

fa.04eC

Atoms
. Figure 1. Molecule of Salt -
Atoms are so small that two hundre = ’ .
million of them placed side by -side wou‘d only measure one inch. In spite of tms we .
‘have a very clear idewm of what goes on inside agp aﬁom )

”

L,onstrt.ction of an Atom - - SN L. . 4
. - . 2 - e - ‘ =
. An atom 1S constru\.ted in a manner which greatly resambles the solar system of
i€ sun and earth. Each atom has a core (like the sun) and one or more planets (like
« the earth) revolving about it. .

-
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The hydrogen atom is the simplest of all atoms, It has just one planet revolvlng
about its core, see figure 2. Inanatom, the planets are caned:electrons (negatively
" charged particles).”

oRmIT -
paTH EAnTH - ELECTAON
X--ef o
7 \\ onu; on // N PROTON
’ , PATH
/suN | \ / ’ \7 .
| .
1 , -
! I
\ /
\ HUCLEDS
® - _,7// -~ . “*’\\-,_.4’/
EARTH REVOLVING ABOUT HYDROGEN ATOM
. THE SUN
Figure 2. Solar System and Hydrogen Atom
Thes{ trons, together with protons (positively charged particles) and neutrons

(neither positive nor negative), make up the atoms of which matter is composed. The
electrons are in constant motion about the hucleus, see figure 3

ELECTRONS

nucu-:us\~ ‘

-

, " @ PROTONS
SULFUR ATOM © NEUTRONS : COPPER ATOM

':.» - : T,
) Figure 3  Construction of an-Atom .
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Some of these electrons are loosely held by the nucleus and will move freely when - ,
an electrical pressure is applied. The uniform flow of these electrons is called electric |
current. If a substance has a large number of free electrons and allows current to flow
easily, the substance is called a conductor, Other substances, such as mica, glass,
and rubber have few free electrons and prevent the movement of their electrons, These
substances are called insulators.

ELECTROMOTIVE FORCE

¥

s - - -~ e - - - e — . e e

We are all familiar with the fact that it takes pressure to push water through a hose
in the city water system we have approximately 60 psi of water pressure, This pres-
sure will push a certain amount of water through a 1/2-inch water hose.

T It is understandable, then, that to have electricitywe must first produce electrical
pressure which will force the electrons through the wires and through the electrical
sppliance. This pressure is called electromotive force .voltage, or difference in po-

’ tential. These terms all have the same meaning.

E‘lecu'xcal pressure is obtained by converting heat, mechanical and chemical energy
int) electrical energy. The battery on your car is an example of chemical energy which
is converted into electrical energy. The main source of voltage, however, is the con-
version ¢f mechanical energy into electrical energy, as in the ease of the generator
T3 generate a voltaze mechanically, three things are needed. “You must have a conductor,
1 magnetic field, and relative motion, Combine these three, move the conductors or
magnetic field, and voltage will be generated. :

Some facts about voltage that you should remember are:

=
@

1. The unit of measure for electromotive force {emf) is the volt.
2. EMF is measured with a voltrqeter.
3. The symbol for emf is "E,"

4, The effect of emf is that it causes current to flow.

) The word “current” means moticn or movement. Current is the uniform movement
Jf electrons« (The pressure which movesg them has already been explained.) . . - .~

Let's examine a piece of copper wire. The wire appears to be a solid piece of
material; however, this wire is made up of millions and rhillions of electrons. If one
ex:ra electron is pushed into one end of the wire, the atom has an extra electron. It _
will now push this extra electron over to the next atom. This atom will repeat the
process until the end of the wire is reached. At the end of the wire the electron will

" iimp to any other object that needs an electron. This is what is happening when you see
an electric spark. - ” - - -

-

It 1s easy to measure the amount of water flowing in a system, This might be one
$2..0n per second or 50 gallons per second Where water flow is measured by the gallon,
exectron flow is measured by the ampére. In the simplest form, an ampere is

- 5. 7220, , 000, 000, 000 electrons passing a given point in one second. Of cpurse, this f1gure

[
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- would be eXcéessive current flow, -

‘

is not used in practical application, but it does prove that an ampere is a given amount.
The symbol for current is "I." The meter used to measure electron flow is the ammeter.

The movement of electrons through a conductor will cause four diffe;ent effects,

First, current will always cause HEAT. The amount of heat produced depends on
the amount of current flowing and the material'cf the conductor. Copper conductors
give very little rise in temperature, while nichrome is used in heating elements. =The
conversion of electrical energy into heat is used in such devices as electric llghts stoves,
and soldering irons.

A second effect of current is CHEMICAL CHANGE As current passes through
Impure water it causes a chemical change. An example of this is the breaking down of
water into axygen and hydrogen. This effect of current is also used to plate metals.
Another use of chemical change is to charge batteries,

A third effect of current is SHOCK, As current passes through the body it produces
an effect known as physical shock. Hospitals use this in the treatment of some illnesses.
It has no useful purpose as far as the refrigeration serviceman is concerned; however,
it can cause death if you become careless. Under ideal conditions as little as 4/10 of
an amp can kill you.

A fourth eifect of current is MAGNETISM. Magnetism means the ability to attract
iron. Copper will not magnetize, but current through a copper wire will set up a mag-
netic field about the wire. This magnetic effect of current is used in electrical motors,
generators, and electromagnets. . -

So fax-', we have been discussing electrical f)ressure causing electrons to flow. It
is reasonable to state that if nothing were to oppose the movement of electrnns there

RESISTANCE
The opposition to the flow of current offered by the conductors and electrical appli-
ances is called resistance. The ohm is the unit of _measure for resxstance . The meter
used to measure resistance is the, Ohmmeter.

There are four factors which affect the resisﬁ.‘nce of a conductor.

One factor affecting resistance is LENGTH. Referring again to the water system,
if 'we had a hose 50-feet long, we* would expect a lot of water to flow through it, If the
length of the hose were increased to 100 feet, what would happen to the flow? The same
thing happens in an electrical conductor. The longer the wire, the higher the resistance
and the less curr:—t}wiu flow through it. i

A second fac thegdfectmg resistance is AREA or DIAMETER. The larger the area
greater the flow of electrons. ;

of the conductor,
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The third factor affecting resistance is MATERIAL, 'Any axbs fte in which an
electrical pressure can separate large quantities of electrons

these electrons to move in the substance is a good conductor. - Silver is the best con-
ductor. When the material of a conductor is changed, the resistance of the conductor

changes. .

"The fourth factor affecting resistance is TEMPERATURE., Temperature is the

speed of the molecules in a substance. If the molecules are ‘moving,the atoms are also
_moving. . X the temperamres of the conductor increases, the speed of the atoms increases.
This Increase in speed makes it more difficult for yoltage to separate the electrons

from their atoms; consequently, current decreases.

PRINCIPLES OF MA

A magnet is an object which has the
ability to attract iron. Any object which
acquires magnetism when placed in a
magnetic field is said to be magnetized.
Before an object {such as a steel bar) is
magnetized, the molecules point in all
directions, as shown in figure 4.

“When the steel bar is placed in contact
with a magnet, the molecules will be re-
arranged as in figure 5. The steel bar is
said to be magnetized, and thus becomes
a magnet. 7

1t is easy to arrange the molecules of
soit iron. But when the magnetizing force
is removed, its molecules will return to
the position shown in figure 4. However,
in hard steei, arranging the molecules is
more difficult, but the molecules remain
aligned.

T Weé ¢an conclude fromi this that-there — -~ -~ e s o e e e e

are two types of magnets, permanent and
temporary. Hard steel is used in making
permanent magnets, and soft iron is used
in making temporary magnets.

In.any magnet the ends are called the :

‘magnetic poles (north and south). Ifa

magnet is cut into pieces each piece be-
comes a separate magnet with a north and
south pole, see figure 8.

if two magnets are suspended and are
iree to move, their like poles will repel™
each other, and their unlike poles will
attract each other, see figure 7.

11
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Figure 4. Arrangement of Molecules in
an Unmagnetized Steel Bar

-
 mp ml- mp

Figure 5. -Arrangement of Molecules
in a Magnet

x
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Figure 6.’ ’ Breaking a Magnet Makes
. Each Piece a Small Magnet

from their atoms and force
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Unlike Poles Attract Like Poles Repel

Figure 7. Attraction and Repulsion

Lines of Force

— e
vl

The space around a magnet in which | 4 /ﬁ /@/""N\\\@\ \\ @
its force may be detected is its MAGNETIC ‘ ¢ f //.,—@""*s X \ b
FIELD. The magnetic field is made up of \ \ l// ==~ '\ “ |/ t
LINES OF FORCE, see figure 8. &\\\\\\;_'-_-_-:-:E-_;E_E__._,// /,/

‘ S SsE T e

When the theory of the. magnetic force -e—,é'f:i__t__._:;___'_‘__’“_:\::\
was proposed, it was believed that magnetic /’ 4 /", —,.....::::;-\' ‘,@\ \q
loops, or lines, emerged from N poles and I ?5 { N e S ] )
entered S poles as shown in figure 8. The - oy o\ \@:\\___,@;/ / é ’l B
theory founded upon this belief has never v St / T -

i ’ \ e
been disproved. \\*~©—-’/ )
_Although you cannot see amagnetic. . . ___ . . ... .. . . ..
" field, you can prove that one does exist by , Figure 8. Magnetic Field Around

placing a bar magnet under a piece of white a Bar Magnet
paper or plastic and sprinkling iron filings i
on top of the paper as shown in figure 9. / <

This experiment also proves that mag- - \ )
netic lines of force can pass through plastic , - ke .
or paper. They will pass through all sub- 4. ]
stances, including air. In fact, there'is no- - 1
known substance that will insulate magnetic ( ey

lines of force."

Figure 9. Illustrated Magnetic Field -
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.0 . T+ When apiece of soft iron is placed in” - 1 - oo
o the air between the poles of 2 magnet, the
= . magnetic lines will take the path of least
i resigtance. Consequently, the lines will
~ pass through the piece of iron rather than

the air, see figure 10.

! . SPFT IRON KEEPER
- A B

Figure 10. Effects of Soft Iron Bar
on 2 Magnetic Field

Magnetic Induction

Wwhen an unmagnetized bar is placed

wichin the magnetic field of another magnet, - T~ o
the lines of force will pass through the aryL—= ———= 7
unmagnetized bar, see figure 11, aligning ;,;’;, :‘ — SRS
#8.#  its molecules. When the molecules are HY Y ;: Wi~ LT -7 i i \‘*
= aligned, ‘magnetism resuits. This is called Ve - T S it ,",'/‘
induced magnetism. ' BN §pet—= ~ A

== S N ,_2/;

Electromagnecism a ‘ ' p

. . Magnetic fields_are also produced by . __ . _
electric current, see figure 12. Such fields

i . are called electromagnetic fields and are .
composed of lines of force like all other j .
magnetic fields. The force of the field is
strongest close to the wire or conductor.

‘ : . - Figure 12. Magnetic Lines of Force
' Around a Current Carrying Wire




A etronger magnetic field can be
obtained by looping the conductor to form
a coil as shown in figure 13

If a coil is wrapped around a bar of
iron as in figure 14, the magnetic field
becomes still stronger. This is because
iron, as has already been stated, offers an
easier path fdr magnetic lines of force than
does air, and becauge the bar becomes

#* magnetized and its lines of force add to -
. those of the coil. The iron bar becomes an
electromagnet having polarity and all the
characteristics of any other magnet.

5
: ¥

Left-Hand Rule

The left-hand rule for determining the
——- —polarity-of-a-coll-is- illustrated-in-figure-15.-

If you place your fingers around the
coil, pointing in the direction of electron
flow through the conductor, the thumb will
.point to the north pole of the coil. Itis

. understandable that reversing the current
% < flow through the conductor will reverse its
e polarity ) -

Three things determine the strength of
an electromagnet: .
Material in the-core, . : \_ ~,
- Numbef of turns in the coil.
Amount of current through the coil.

- As long as-current flows in the conduc-
tor, the lines of force surround it. Bwtiwhen-
‘the current ceases to flow, the lines collapse
and the iron bar loses its magnetism.
Therefore, it is called a temporary magnet.

14
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WIRE COIL

-_.3_'6',’5?"1’51'5_.5’5'-9 -
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— MAGNETIZING CURRENT

4

Figure 13. A Current Carrying Coil
has a Magnetic Field

/o WIRE COIL

RELAY OR SOLENOID COiL

THUKS POINTS TOWARD
NORTH POLE. OF COIL

[

Figure 15. Left-Hand Rule for Determin-

ing Pelarity of an Electromagnet
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ELECTRICAL CIRCUIT *
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¢

Basic DC Circuits

Direct current (dc) circuits are eircuits in which the current flov}s in one direction
only. Alternating current (ac) circuits, which will be discussed m a later section, have
current that periodically reverses direction.

POV U e e e . o - - - - 0 RV OV - _— B -

An electrical circuit is a closed path in which electrons can flow. The four basic
reguirements of a circuit are (1) negative conductor, (2) positive conductor, (3) source
of power, and (4) unit of resistance.

N The negative conductor is the connection made from the negative terminal of the
source of power to the unit of resistance.

The positive conductor is the connection made from the unit of resistance to the
vositive terminal of the source of power.

The source of power or voltage is usually a chemical or mechanical energy con-,
verted to elecirical energy. '
e 6;» -

The unit of resxstance is the opposition placed in the path of cunrent such as light,
izn, motor, and refrigerator.

The four basgic parts of the circuit can be seen in figure 16.

POSITIVE CONDUCTOR

: BATTERY + | LIGHT
SOURCE OF — - & UNIT OF ,
e e e e POWER- o e me e o e e N\AGe e RESISTANCE - -

" NEGATVE CONOUCTOR

€C-162A

Figure 16. Four Basic Parts of a Circuit
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AN TYPES OF CIRCUITS .

Electrical circuits can be divided jinto three general classifications: series,
-parallel, and series~parallel..- ... ... .. T i

Series Circuits

A series circuit can be defined as one in which there is only one j)ath through which
the voltage can force the current. In figure 17 is a diagram of a series circuit,

/

Figure 17. A Series Circuit

CHARACTERISTICS OF A SERIES CIRCUIT. Since there is but one path for the
current, all the current is forced through each resistance; consequently, current is the
same throughout the circuit, ’

i
|
4
1

The second characteristic of a series circuit is that the sum of the voltage drops
across each of the resistances should equal the total of applied voltage. -

. The. third-characteristic. is-that.the total resistance is equal to the sum of the re-
sistance of each unit. ] .

Parallel Circuits

, A‘pa.rallel circuit is one in which,_tl{e’re are fwo or more paths for yq}tage toforce N "
current through, containing only one unit of resistance in a.path, see figure 18 Co
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CHARACTERISTICS OF PARALLEL CIRCUITS The total current in the c1rcu1t
is equal to the sum of the currents flowing through all the paths, -

~

The second characteristic is that the voltage across each unit in parallel is the y
same,

The total resistance, that is, the resxstance of the c1rcu1t as a whole is less than
-the-smallest resistance in-it, i

Series-Parallel Circuits
A series-parallel circuit is one in which some units are in series and others are
i parallel. A diagram of a series-parallel circuit can be seen in figure 19,

EC-1608

Figure 19. A Series-Parallel Circuit

CHARACTERISTICS OF SERIES- PARALLED CIRCUITS, The characteristics for

the series-parallel circuit are a combmatxon of those for the series and the parallel
circuits. -

Current 1s the flow of electrons in a closed path. They are forced to flow by applymg
an electrical pressure _Resistance is the opposition to the flow of electrons.

Four effects of current are heat, magnetism, shock, and chemical change.

Heat, chemical, and mechanical energies can be converted to electrical energy.
-Resxs.ance of a conductor is affected by length, sxze temperature, and ‘material.,

A circuit is a closed path for electrons to flow from a source .of pressure, through
resistance, _and back to the source of presSure

Fuses and ciréuit breaLers are used to protect the circuit in case of an overload.

Textbook; Modern Refrigeration and Air Conditioning. A!tHouse, Turnquist, and
£a0C1ano

Taxtbock: Basic Electricity Electronics. Vol III. Van Valkenburgh, Nooger, and
Ne siite.
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. Meter Movement _ .. . . ...

- The shunt may be inside the.meter case or

r- ELECTRICAL METERS

A‘(

. The D'Arsonval meter movement consists of an electromagriet rotating in the field
of a permanent magnet, see figure 20.

The current enters at terminal "C" and /'\\

causes coil "AB' to become an electro~ ‘4
magnet. By applying the~eft-hand rule for
coils, you can see that "B'' is the north
pole and ""A" is the south pole. Since unlike

o

poles attract, "A' will be attracted by the N S /
north pole of the permanent magnet and "B .

will be attracted by the south pole of the : cd- +00

magnet, causing the coil to rotate clockwise Bl 3a-1eea

and the pointer to move clockwise. If the . .

amount’of current through the coil is in- Figure 20. Schematic Drawing of the

creased, naturally the magnetic field be-
comes stronger and the amount of rotation
will increase. . .

D'Arsonval Meter Movement

If the direction of current flow is reversed, the coil tends to rotate counterclockwise.

Therefore, dc voltmeters and ammeters must be connected into the circuit w1th proper
-polarlty The terminals of these meters have their polarity marked.

-+ -
DQ Ammeter - 6 +m _
\_/

+ -
The ammeter is used to measure the
_.amount of current flow in the circuit. ‘ ' (@
Consequently, it will be connected in series
with the operating unit as shown in figure 21.

4 SA-1089

Figure 21. Ammeter Connected in Series
- Py with the. Unit
The coil of the meter movement is not L o N
always capable of carrying the current flow s,
of the circuit. In order to enable the.am-
meter to measure a greater rate of current

- flow, it is only neces adc 4 bypass .
~for current or a sm?hunt is a strip
- of meétat havmg low resistance. Itis con- =~ ¢

-acted acrosg thé meter ic-minals to carry
aost of the current. It allows only a small
part of the current to flow through the coil.

it may be connected externally, ,see figure

. 22 7
| vaam 1L
SHUNT ’ SA-198C
AN . . . 5 - Figure 22. Ammeter Construction
- : .18 -
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Remembér' - <0
An ammeter is connected ir series with the unit. ,
Connect the posmve terminal of the ammeter toward the posxtive side 6f the -
Circmt See figure 21.
Know the ammeter current rating and the circuit current before méking any
connections. )

DC Voltmeter ‘ ]

The voltmeter is used to measure the -~  + __%f :

differenge in voltage between two points. +

The voltmeter is connected in parallel to ,
the operating unit. : 63

N B
- 4

As you can see from figure 23, the T Tieec
voltmeter is the only unit in a path of ' ,
current flow. To protect the coil of the Figure 23. Voltmeter Connected Parallel
meter movement a resistance must be to the Unit ‘
connected in series to it, see figure 24.

The purpose of this resistance is to
limit the current flow through the meter
movement. Since the resistance of the ) A
meter is fixed, th ount of voltage
applied’to the terminals determines the
amount of current flow through the coil,,

HIGH

thereby determining the pointer movement. RESISTANCE
Remember: ,
A voltmeter is connected parallel with . | ) sA;...g
the unit. - ,
Connect the positive terminal of the
voltmeter toward the positive side of Figure 24 Voltmeter Meter Movement
the ¢ircuit ag shown in figure 23. MAXIMUM Z'ER
RESISTANCE R!-:snsunce .

The range of voltage you are checking. -

!

Chmmeter v .

« *An ohmmeter is used to measiire
resistance. It contains a battery.and a

rheostat in series with the coil, see figure METER Tt

MOVEMENT - o E

’23 X -
.7 3. oo \ %
. A RHEOSTAT BATTERY
The battery supplies the poyer to . ) / e
operate the meter movement. Jherefore, . lM
the main power source must be discon-
nected when using t s Severe
damage to the meter caoccur if this \/ - -
precaution is disregarded. ZERO ’
¥ is ¢ J , : . ADJUSTMENT TERMINALS
. Figure 25. Ohmmeter SHAmieeE
. ‘ 19 -
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Rememi)er: . ‘
The ohmmeter has its own source of power. Circuit power must be off. ‘ '
Adj\ist the pointer to zero before using the meter. Use the proper range jack for -
accurate reading., N
' Multimeter, TS-297/U ‘ ,
The multimeter, TS-297/U, is a meter for measuring ac and dc voltages, direct > (
. current, and resistance. To select the desired meter, a SWITCH KNOB is set on OHMS \ ¥
"ACV, DEV, or MA, see figure 26. . , e
i o
pohait, T "
A Vi INBTER et )
) gl A R
. iy 2 o o
“T«j”‘ - S ; ;r*'. way LX T
o | B COMMON JACK
|~ RHEOSTAT KNOB
MA
. 40V \ .
[ ] ' [ ] QMA
10V 4; , ,
7% T, A op -° .
’ & - ) % * ra “fRxio Rxo0 4!»1; . ‘
SL i 8 | ®
s : VOLTAGE RANGE . --337; @ . . . J P -
- Bl o s ACKS T e T ~ :

~

SWITCH DIRECT CURRENT RANGE JACKS

i ~ ‘_(\ RESISTANCE RANGE JACKS , y

’ i
"“W A
. y ;‘,2%‘@‘ :
e wcal M oe o . e, A - . 2
% ;3&.“:;“ - sk@ﬁ}% m,p;}‘.'? ety ilpe—— AT e 2 e
\ ’ i ‘ C
' Figure 26. Multimeter TS-297/U
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.. The multuneter has a black and a red lead. The black lead is always placed in the

i common jack, see figure 26 to locate this jack.. The red lead is placed in the jack

. - aceording to the function desired. The 4V through 1000V jacks are for ac or dc voltage
~.. measurements. For exaﬂxple, if you wanted to measure a 28V dc power source, the

* switch knob would be placed on DCV, the black ‘lead placed in the common jack and the

The Rx1, Rx10, and R x 100 jacks are used for measuring resistance and the
)s;IA to 400 MA jacks are used for=measuring direct current.

- The.dial is marked with three scales as
- shown in figure 27. The scale to be read-
.- depends on the switch knob setting and the
. ' - range jack into which the red lead is placed.
: SR "The top scale is used for measuring resist-
: _ance. It /anges fro:r; 0 tooo. -

P BRNEN ’I‘he c’enter scales are used for de
o ~ N ] voltage measurements ang de mxlhamperes, AC SCALE =
4 0. 'The scale ending in 40 is;used when the red D.C. SCALE

. g ; lea.d”xs in a range jack beginning with 4. " OHMS SCALE
& » Ibé scaie ending in 100 is used when the '
L T . red lead is placed in"a range jack beginning *
MO 5?’ '1th 1, " sed, hgure 25 and(tZ’b) Figure 27. Three Scales on Dial
) a. - :-, The lower scale 1abe1';a"ac, is used for measuring ac voitage. It also has two sets *

. _of cahbrancns 0 to ~m and 0 to 100, used in the same way as the dc.

e The RHEOSTAT. KNOB 1s used to adjust the meter pointer to 0 when the multimeter
. 1s usedcas an oﬁmmeter ‘& . ‘
T Remember,

> .. s - .

- A -

e, e .
. N

. .
et e L e e o e oy -
g — .U RGPS UGN —

S 4:€=d lead placed In 0V, o

Col e - " To prevent damage to the multimeter, when measuring voltage, current, or resist-
- ~.- - ance,.aiways start with.the h1ghest range to obtain the approximate reading. Then .
”-.:j’ : A use !.he 1owest range. possible as mdxcated by the reading.

- .
~

Be sure to. rea.d zhe correct scale - .

hzgn voltages are dangerous and may be fatal. Follow posted safety rules

Shut o:f-power v;hen measurmg nes;stance., e N

4-—'. .
. N XN ® -y

Isoiate ccmponents {or accuracy. T 3
' DO NOT L)’sVETHE SWITCH ON OHMS WHEN THE MULTIME ¢
IR IS NOT IN GSE AND THE "I‘EST "‘LEADS ARE INSERTED, BECAUSE

‘ACCIDE’QTAL SHORTI}IG OF THE TES"I} PRODS WILL TEND TO . 3
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OHM'S LAW . .
There is 2 definite relationship between current, voltage, and resistancé of any
circuit. If the voitage is increased, the current increases proportionately. If the re-
sistance is increased, the current decreases proportionately. This relationship is

known as OHM' Ohm's law can be stated as follows: The current in a circuit
,,,,,,, ... is equal to the voltage Nivided by the resistance. Mathematically it is written as follows;—. ..
. E
=5

The letter I stands for current; E stands for voltage or emf; R stands for resistance.
When voltage is known to be 12V and resistance is known to be 4(\ , these known values
are substituted for their corresponding letters in the formula. The formula now rgads‘

' , [ . 12y
? i ; » = ;n
' Current may be found by dividing 4 into 12. It will equal 3 amperes.

The equation can be conv’erted.to read R x—hE . Let us suppose that the known
factors are 12 volts and 3 amperes, The knowd values are again substituted in the
formula o

12v . .-
3A : : '
By aividing we {ind the resistance to be 4 ohms.

R =

Stiil a‘nother equation is available, E=IR. Suppose that the 'knOWn factors are
mperes of current and 4 ) of resistance. After substitution] the formula is
=3A X 40N . By multiplying in this instance, voltage is found to be 12 volts.

» -
1)
P

?

These three equations will enable you to find any one of these three factors (voltage
current, or resistance) if you know the other two.. An easy way to remember the three
- relationships is to place them in a triangle as 'shown in figure 28.

TS FRD 1 LAMPERES. B_ACE T 1N R IOHMS) BLACE TO FIND £ (VOLTSI-PLACE -
* Tm LMD EA - AND O DE "~LM8 SVER R AND DIVIDE THUMB OVER £ AND UL TIPLY .~
.o 3 $ ‘NG CATET AS INDICATED 'AS INDICATED
- E:v0L.TS .2 AMPERES Rz OHMS
€5=-007

\/ ' , Figure 28, Ohm's Law Chart

It - ¢

T »ou slace your finger over the qﬁantity you do not know, the relative positions
- &re other two knewn factors will tell you what to do,




TROUBLESHOOTING ELECTRICAL CIRCUITS <

e e e s R

Trouble with a refmgerat:on umt often mvolves electrical problems. The refnger-—
ation specialist should be able to troubleshoot electrical circuits. We can simplify his
problem by determining if the malfunction is electrical or mechanical. Troubleshooting
can be defined as a “systematic method of locating faults in an electrical circuit.

Wirihé Diagrams

tamed so that you will understand the type of circuits and the units involved. A picture
of the circuit will aid in troubleshzotmg and making operational checks of the units.

TYPES OF TROUBLES :

An important fact to remember is that there are only three types of troubles; opens, . -

shorts, and low power. S NS

1
A w\irmg diagram of the electrical system on which you are working should be ob- - J
1
|
|
|
|
1
Opens- ‘

> o

An open circuit is one that has a break somewhere in it. This break could be located
in the wire, in the switch, fuse or in the unit of resistance. In fact, it would exist any-
whére, Natrally if there is a break there can be no current flow; consequently, the
unit of resistance would not be operating, see figure 29.

~ - EC3614
Figure 29, Open Wire

'I'he.re are four different testers that can be used to find an open. These are the
voltmeter, continuity tester, ohmmeter, and test light.

I_,OCATING OPENS. The exact location of an open can be found by using the volt- ) ) ;
meter. You should, first of all, understand what a voltmeter indicates in a normal ; |
operating circuit. Figure 58 u,lustrates normal voltmeter readings throughout the |
cu-cult. ]
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EC-163A

Figure 30. Normal Voltmeter Readings

A vcitmeter connected positive to negative should always indicate the difference in
vcliage across the two pownts. A voltmeter connected negative to negative or positive-
to- pos.tive should not give a diference in electrical pressure, see figure 30. Readings

wmer han these are considered abnormal. Exact location of an open can be found in the
posxm’e or negative parts of the circuit between a normal and an abnormal reading.

F.gure 31 illustrates a voltmeter being used to find an open in mre A-4, Note that
2 A-4 is in tha positive part of the circuit,

* -

< -

A3 A-4 - -

" NORUAL
READING

£C-1838

Fxgure 31. matmg an Open in Wire A-4.

nlizure 32,. a volumeter 1s being used to locate an open in the negative part of the
The exact location is wire A-6. N

[ %
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READING READING

Figure 32. Locating an Open in Wire A-6

The same procedure is used in troubleshootmg an open with a test light; however,
a test light will not give an indication of the amount of voltage present, All you know is,
that there is enough current available to burn the light.

4

Opens can also be found by using an ohmmeter or a continuity meter, Power must
be off and the circuit isolated when using continuity tester. In figure 33 an ohmmeter
is being used to locate an gpen in wire A-6. :

.
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Figure 33. (I;cgti'ng an Opén with an Ohmmeter °

In figure 33 you will notice that the ohmmeter does not register continuity all the

way through the circuit; the open is found between the continuity reading 0 .Y ) and
. the last infinity readmg ( Q). ,




li ' " Shorts ' - Lo

A short means that there is contact where there should not be contact; consequently
there 18 current flow where there should not be current flow. Indications of shorts are
' unmits operating that should not be operating, blown fuses, and tripped circuit breakers.

e 1 o o s o (o3 o

1a the case of a direct short, a negative
lead 18 in contact with a positive lead, by- \
passing the unit of resistance. +

rent in this situation will take the path of
- - lpast.resistance. The excessive current _ ) /w/

flow will cause the fuse to blow, or if the -t
orotective de(vice happens to be a circuit r’/ . ‘k,ﬁ\ cc-re1s
breaker, the circuit breaker will trip,
openring the circuit,

From figure 34, you can see that cur- ‘ \} } y -

Figure 34. Direct Short

-

*

LCCATING DIRECT SHORTS. Some kind of a continuity tester, such as the ohm-
meter, continuity meter, or continuity light, should be used in locating direct shorts.
The posiuve leads should be isolated and the testing device connected across the iso-
iited leads. Notice in figure 35, an ohmmeter is being used to locdte contact between o
150:ated positive leads and the negative lead. Only the ohmme ter connected to A-4 lead™*" )
indicates continuity (0 Ly therefore. A-4 lead is shorted to the negative side of the
circuit providing a short cut for current flow.

-
]
.. 1)
! . ’ £ 0. -
e - . - Al - A3 e M o AS o e
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z ’
o
<,
1 A w o
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> ’ Figure 35, Locating a Direct Short
Cross Shorts ’ . ' ' . ~
_ ‘Whereas the direct short is contact between the positive lead of a circuit and the’ S ~'
aezative léad of a circuit, the cross short is caused by the positive leads on independ- -
ent circuits coming in contact with each other.” . T ’ :
27 : ' -
' ‘ |




‘During an operation check, a cross short:is indicated by two independent units opera-
. ting from the same switch, In figure 36, positive lead A-8is-touching positive lead A-3.
.~ Even though the switch which controls Lg is open, there is a complete path for current
flow from A-8 to A-1; consequently, Ly burns. ,

-
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KA-B\ N A-4

£C~1630

Fi{g,‘ure 36. Cross Short

LOCATING CROSS SHORTS, The same testing devices and procedures are used in
locating cross shorts as were used in locating direct shorts. Power must be off and the
positive leads of both circuits isolated, see figure 37. - . o

L
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- - . : EC~184A . : -
» Figure 37. Probable Leads Isolated

After both'circuits are isolated, the te’;?ng device is connected across the probable
leads, such as A-3 to A-7, A-3 to A-8, A-4 to A-8, or A-4 to A-7, Note that any of
these combinations would have the same effect. In figure 38, the ohmmeter shows the

"7 " 7 cross short to be between A-3 and A-8.

PUPIN ; e . . . - - P . . - e -




EC-1648 3 °

. Figure 38. Locating a Cross Short

A shortad switch 1s one that fails to break contact w_hen it is placed in the OFF
cuswon. The effect of a shorted switch is that the unit operates continuously. Any
tesing devite can be used to determine whether the switch is defective. Infigure 39,
an ohmmeter indicates that the switch is shorted,

|
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Figure 39, 'Checking for a Shorted Switch
Low Fower

This condition s often found in old buildings or in areas where the electrical load
.as> oeen .ncreased without increasing the size or number of electrical circuits. A low
nower condition is 'ma'icated by sluggish operation of units and dim lights,

I s iowpower conditiofi is suspected all the electrxcal units on the circuit should
¢ wrned on. This should create maximum current flow, Voltage drops across the
urits should be compared with total voltage ava1lable. Figure 40 shows a line loss
check.

1 'a low power condition is dxscovered the electrical lead must be reduced or a
new circuit installed.

L
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Figure 40. Voltage Drops Should Equal Total Voltage

Summary -

/ Permanent and electromagnets are used in meter movements. Meters used by the T
refrigeration specialist are the dc and ac voltmeters, the ammeter, and the ohmmeter, ’ -

Polarity must be observed when connecting ammeters and voltmeters in a circuit.” -
Power must be off when connectmg an ohmmeter in a circuit. g

The multimeter can be used as an ohmmeter, an ammeter, and a voltmeter.

Troubleshooting is a systematic means of locating malfunctiohs in a circuit.

4

The three types of troubles are: opens, shorts and low power.

.
- e --;‘, SrrnT ot p s e s oy e e mrwey i wern = Smw e e % mmmr e g e e o mea s e o

Opens prevent the flow of current, whereas a short allows it to flow where it is not
wanted. Low power causes sluggish operation of umts. - o,

The testing devices are the voltmeter, continuylty meter, ohmmeter, continuity
light, and test light.

»
>

‘the circuit =~ 7~

Continuity devices must be used in c1rcu1ts where the power is off a
/18" left on.

isolated. Voltmeter and test hg‘nt are used in c1rcu1ts where the p T ) )
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IR - PR “  ALTERNATING CURRENT - S
Definition of AC - : / .
Alternating current may be defined

as a current which changes direction at
~ regular intervals.- - - o

/
It may also be defined as a-current’
which increases in value at a definite rate .
~ irom zero to a maximum positive value,
and again decreasing to zero, as shown TinE
in figure 41. ’ : -

Generation of AC Co Figure 41. AC Voltage Curve

To generate a voltage mechanica;lly, either ac or dc, three things are needed:
(1) a magnetic field, (2) conductors, and (3) relative motion, Combine these three,
move the conductors or magnetic field, and a voltage will be generated.- :

A simple ac generator coasists of a single turn coil or wire, a permanent magnet,
two sliprings, and two brushes. Each end of the coil of wire is connected to a slipring,
The two stiprings are ongthe end of the rotor and this rotor is mounted between the poles
of the magnet so that it is free to rotate on its - .
axig - -External connections to the slip-
rings are made by means of the brushes
that are held stationary by the insulated
brush holder and make continuous con-

= : tact with thyfprmgs, see figure 42.

Generators are our primary source 2
of ac. All mechanical generators generate
. ac; however, dc generators convert ac to *  Figure 42. Simple Generator )
- e v e e -through-the-use-of-a-commutator-and - - - omem e s cn e e e SO —
" - brush assembly. C

The Sine Wave ) ) ’ /
f you make a ’grap_h of the voltage induced ¢ o . ‘ B
o - in the conductor at various points, you will g B ; ‘
- ) octain an interesting curve, shown in figure + 1225°270°315°360°
o 43, Plot the various points in degrees along R T > - .
' : the horizontal axis and the height of the volt- T 45 \L.L/l/ s
o . zge induced along the vertical'axis. Use the - - A L
- : norizontal axis as reference for zero voltage, -~ o 6 .
Consider the voltage induced in one direction
as positive and that in the opposite direction e ‘ ‘
as negative. ‘ - Figure 43.. Graph of Induced Voltage
—— /" t . ’ .
s . .
ST e - ’ “o - . . /
S sy ’\-"/ ) -
e A T /31. ’ ;o
s , /
// -
I . /
, R . / P ’ /1
‘( h - " ) s ’ // . .
AR e ’/ o N -
o . . S '
~, ) <7 Ve ’
,;‘ - : ,om? . i v
L 7 . _— . ,
: — e Y7 .
e ey S ~- -
) /' / , : f
g /
L S C e
Z SN /,
4 g / ’,
- S y / . P / i




¢

v
i

An Alternation

PNUUUPUUIRU U tech o o Aot U R [ P, - e e e ant e ne s m w =+ e e amm ¢ h s emms o aA a e s oma g e+ e ceaAA mre fam e o i
e Ner,

By studying the sine wave in figure 43, an alternation might be explained as a gen-
eration of voltage from zero to maximum and back to zero in only one direction. In
figure43..it would be represented between points A to E, or 180 degrees represent the
positive alternation, E to A in figure 43 represents the negative alternation.

The Cycles ’ o I o
In electricity, the ac cycle is represented by the following symbol N\, Again .

study figure 43 for an explanation of the cycle. A to A (360 electrical degrees) repre-

sents one cycle of alternating current or voltage, A further explanation of the alter-

nation and cycle can be seen in figure 44,

Frequenc yj ’

The number of times each cycle occurs AMPLITUDE = 10 VOLTS

in a period of time is called the frequency. AMPLITUDE

The frequency of an electric current.or volt- .

age specifies the number of times a cycle 4 - 180° 3¢

recurs in one second. The rate at which o % 270

the current changes direction of flow is ;g‘c ;fc . :é:.ﬁ s sec.

twice the frequancy of the alternating cur-

rent. 1f 120 reversals of current occur [+ ALTERNATION ’ ’
- each second, the frequency of the alterna- PERIOD

ting current is 120/2 or 60 cycles per ) CYCLE

second. / ) ONE SECOND

" ¥ou/ave learned that current flows " R
from negative to positive. For dc this is Figure 44. AC Cyele and Its Components
easily shown on a graph with a straight
line. Alternating current also flows from negative to positive; however, polarity of con-
ductors in an ac eircuit is constantly changing, With sixty-cycle current, the polarity |
of the conductors will change 120 times-per second..

i

Most large ac generators are designed so that the netic field (an electromagnet)
-y rotates causing the lines of force to move across the sgszgr coils, inducing a voltage
in the stator coils,

Speed of commercial alternators is very closelv controlled in order to keep the
frequency cycles per second (CPS) constant. Frequ ..cy of ac is standardized to 60 cps ' }
in the United Statés, Many foreign countries use 50-cycle current, - 1

For a picture explanation of generation of ac sine waves, alternation, cycle and
frequency. study figure 45, , , . —
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When current and voltage pass through zero and reach maximum values at the same
time, current and voltage are said to be in phase, see figure 46.
K . EMF. EMF. -

N
x

Phase of Current and Voltage

CURRENT CURRENT
360° 360
o 180° 0° 180-\270°

90

LAG

Figure 46. Curreat and Voltage in Phase Figure 47, Effect of Inductance -

REACTANCE

Alternating current circuits in addition to a power source, conductors, and resistance,
may also contain components which produce reactance.

____When an alternating current flows through a coil of wire, the rise and fall of the

_ to the applied voltage and a current flow that opposes any change in the alternating cur-

foa

- pressed on the circuit, the' charge on the

current flow, first in one direction, then in anbther, sets up an expanding and collapsing
magnetic field about the coil and induces.a voltage in it which is opposite in direction

rent. This property of a coil to oppose any change in current flowing through it is
called inductance. . .

The opposition to the flow of current which inductance puts in a circuit is called
inductive reactance. In a purely inductive circuit, the current reaches a maximum
valie later than the voltage LAGGING the voltage by 90°, or one-quarter of a cycle. )
(Degree of lag may vary See figure 47. -

Capacitwe Rea.ctance o " . f : .

— Another important propenty in ac cir-
cuits, besides resistance and inductance,
is capacitance, Capacitance is represented
by a capacitor. Any twoconductors sepa-
ratéd by a nonconductor constitute'a capaci-
tor. In'any electrical circuit, a capacitor
serves as a-storehouse for electricity.

~

When an alternating current is im-

plates constantly changes In figure 4§ the electricity must flow first from Y clockwiSe ., o
*a.round to X, then from }(counte»rclocl;sze around to Y i I
o .
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[‘ " Although no current flows through the E"f

insulator between the plates of the capaci-
tor, it 18 always flowing in the remainder ,
of the circuit between X and Y, In a cir- -
cuit, in which there is only capacitance,
. current LEADS the applied voltage as con-

- - - ~trasted-with-a-circuit-in-whichthere tsin-"- R
ductance, causing current to lead the volt-
age, See the effect of capa.cimnce in fig- -
ure 486,

<
P

Y

Capacitance offers resistance to any

change in voltage, The opposition caused ¥
oY a capacitor is ‘called capacitive ! ) L
reactance, i Flgure 49, Effe § of Ca.éacitance
. i P 3 . ;
TRANSFORMERS H 3 ‘

’

When electricity first came into use, Mr. Edison held patent rights;on the /dynamos
which were the power sources. These dc machines usually senved an aﬂ,ea/o{’ about a
mitle and a half radius because beyond this distance, line loss was tog reat. Since dc
cannot be transformed, power was generated at the same voltage. 110 volts) that
was used in the homes and shops.

While de was in use, and the existing patent rights wete in f&

o< were being performed. It was discovered that f commercxa{ purpbses ac held
mvany advantages. P

1. Alternating current, ac, cou : ed--voltages g uldbe 's_.tep‘[%’crﬁp
- or stepped down by use transformer AN \ 3 i
e X’—'?ﬁ
2. Because ac ¢ be transformed, smaller transmission 1 £3 coul& used

and ac could be transmitted over longer distances more ec mmicauy‘ than dc

— e —— PO SR NDIEPRIEENE SN e - -
—— o a - . - —— — - T

et~
’I‘he term "tra.nsform" means to change An electrical transformet: used to
change the electrical characteristics of voitage and current. The use of F ransformers
is widespread. Our everyday lives involve the uge of many tra.nsforlmers, “most of

which are never seen by us. . 22.}
- B 3 oo
Tr"nsiormer Operation ?, ,

In studying characteristics of current, you have learned that around any conductor
carrying current, there is a magnetic ﬁeld and that three things are required ?e\ gen-

erate voltage mechanically. They are: . - R o K
) 1. A conductor. A o _ .‘: .
. e, agnetic field. ) g /:z . o
" 3. Movement of the conductor across the -magnetic field, or movement of the .:“..,
magnetlc field across the conductor. L .,
, Thase ':haracteristxcs and principles make operation of a transformer possible. . x -

.
.
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A transformer consists of three main parts, see figure 50. They are: - T
o 1. The p}léla.ry co-il-- the coil to wl;ic/h me;k}dlt:‘a.gé is apbiied. -
2, The secondary coil - the coil from which the voltage is taken,

3. The core which may be iron or alr serves to provide a path through which
. the magnetic lines of force travel.

MAGNETIC FIELO

IRON CORE > IN (RON CORE
ay/ ,
’ .
* PRIMARY ¢ SECONOAR

CURRENT CURRENT
. 10 AMPS 200 AMP.
————
2400V A B= 120y 8
, =

1

- -

PRIMARY ~ SECONOARY
coiL . coiL
L, 600 TURNS—d . 30 TURNS
8 TURNS IN PRIMARY _ 600 _ 20

RATIO= TRNS IN SECONDARY ~ 30 — 1
YA

" Figure 50. Transformer Construction

If an ac source of vo}fage is applied to the primary coil, a magnetic field will build
up and collapse with each alternation. ' The lines of force from the magnetic field of the
primary coil move across the secondary coil of the transformer, inducing a voltage in
this coil! (A magnetic field is moving across &4 conductor.) The core provides a path

' §or the magndtic field to travel through and may consist of iron or air, (

A direct patio between the number of turns of wire in the primary coil and turns of
wire in the setondary coil exists, I there are more turns of wirein the secondary coil
voltage will'be increased,. ar 5tepped§% If the secondary coil has fewer turns of wire
than the primary coil, voltage will be décreased, or stepped down. To be more specific,
if a transformer has a ratio of one turn on the primary to four turns on the secondary,
secondary voltage will be four times greater than primary voltage.

The secondary coil of a transformer may have more than fwo electrical connections,
or ‘taps,'’ so that more than one voltage may be obtained from one transformer, as
shown in figure 51. This transformer is referred toas a multitap transfor’mgaud may
be a'combmatwn step-up and step~-down transformer.

N .
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Figure 51. Multitap Transformer Figure 52. Center-Tap Transformer

The center-tapped transformer is a multitap transformer and is used to obtain two
sclinges, as shown in figure 52, Center-tapped transformers are used to provide volt-
ages of 110 and-220 volts in our homes and businesses,

PHASING OF ELECTRICAL POWER SYSTEMS
Single-Phase Power

Frequently, we enccunter the terms "'single phase® and “'three phase' when refer-
ring to electrical power. To the observer, single- and three-phase transmission lines
differ little. Since electricity is an abstract thing, the easiest way to explam phasing
of electrical power systems is to explain the generation of, power.

You have noted that, as a conductor moves through a magnetic field, a voltage is
induced in that conductor. Figure 53 shows a single conductor moving through a mag-
netic field set up by a two-pole magnet. As the conductor rotates, the maximum num-
ber of lines of force are cut as the conductor passes the pole pieces of the magnet,
approaching one from the top, the other from the bottom, a.nd a.lternatmg current is_
produced. _ K [y
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The output voltage, if plotted on a ’ - - ‘ 3

{
t
i

. graph, would be the sine waveform for ac,= - - -- - - L e e B S o S

see figure 54.

In this case the conductor would have ~ 20
to make one complete tarn to produce one

complete cycle of ac. is single conductor

moving past the magyeti le pieces pro~
duce a single waveform which we refer to

as single-phasé ac. Note that two wires

are required to transmit single-phase power.
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Figure 54,

- Three-Phase Power

To generate three-phase power, three
conductors, spaced 120 electrical degrees
apart, share the same magnetic field, see
figure 55, Since the three conductors can-
not cut the maximum mumber of lines of
force at the same time, three waveforms,

... .orphasesare generated.. . . ... ... .. .. . . S SO
‘ /
Figure 56 shows sine waves for three- y
phase ac. -
: , PHASE C
. It would appear that six contuctors PHASE X . .
would be required to transmit three-phase , PHASE B .
power, however, it has been learned that ko o~
pfases can be made to share conductors I / _
and three conductors can efficiently conduct - 1 ‘\ AT ;
three-phase power. 3 o L 360
, o \\ ;
+ The primary reason for using three~ 1 120° /]
. phase power is for efficient transmission - \\ P
of power and operation of electrical motors. -
- Three-phase motors are simple, rugged, . !
and require 1jttle maintenance, / , 2 ' o . ~
Figure 58. Output of a Three-Phase .
- Alternator i
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. Three-—Phase “I‘ransformer N

Practically all power in the Unxted States is generated as 60 cycles three-phase
alternating current and is supplied at the point of use as single-phase or three-phase
_ alternating current. Voltages available at the point of use depend somewhat on the type
of transformer connection.

! /

7" The transformer we are concerned with is WYE connected. The wye connection is

ezwensively used, see figure 57, and is commonly referred to as a three-phase, four-
wire system.

1
PHAS) LEAD {HOT WIRE)

PHASE LEAD ( HOT WIRE

; TRANSFORMER
‘ ( HOT WIRE)

NEUTRAL

A\

4 I35

PHASE LEAD A

= SECONDARY COIL FUSE BOX

Figure 57 Four-Wire System

The neutral wire allows single-phase, 120 volts. From tral wire to any
phase lead, 120-volt single-phase is available. Across all three-phase M

three-phase is available.

A%

Voltmeter readings with the wye connected secondary waould be:

A - B =208 volts .Neutral - A = 120'volts
B - C = 208 volts Neutral - B = 120 volts
C - A =208 volts Neutral - C =120 volts »

Note that when the neutral wire is used with any combination of A, B, or C, 120
voits are available. Any combination of A-B, B-C, or A-C will ‘provide 208 volts of *
mgle-phase ac power. Three-phase power is obtamed using A, B, and C.
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FUNDAMENTALS OF THREE -PHASE MOTORS

Three-phase motors are simple in construction and relatively low in initial cost.
The most common types of 3% motors are the squirrel-cage induction motors and the
wound rotor lnduction motor, These two types of motors vary only in the construction
of the rotor. Three-phase motors are also referred to as polyphase motors. Three-
phase -motors-can be broken down into three basic parts: {1) stator, {(2) rotor, and
(3) endbells. :

‘,,Stator

.~ The frame is made of cast iron or cast
steel into which is pressed a-laminated
silicon steel core. The core is laminated
to reduce "Eddy Currents, " which is a.loss
due to stray currents. This core is con- °
structed with semicliosed slots which hold
the field windings. The field windings are
made up of a number of varnished insulated
coils, which are 1200 (electrical) apart.
These coils are insulated from the core
-vith treated paper called fish paper. The
coils are connected to form three separate
~indings. These windings are connected
iz either a wye or deita arrangement

vhich will be explained later in this study
guide. The field windings and the core ,
together make up the stator or stationary
part of the motor. Figure 58 shows the
parts of a stator. )

™~ Figure 58. Three-Phased Stator

~

The kind of rotor used inside of the three -phase stator determip#s:the type of motor.

There are two types of rotors, the squirrel-cage rotor and_the wound.rotor. . . -
Squirrel-Cage Rotor

The squirrel-cage rotor consists of a laminated silicon steel core, rotor bars, and
end rings, mounted on a shaft. In the most recent types, the' rotor bars are cast into
place on an angle called skew. The skew effect increases the torque of the motor. The
end rings short circuit or connect the rotor bars together. When one rotor bar is ener-
gized all of them are energized. The rotor bars and end rings together make up a
squirrel-cage winding. Fan blades are added on the end of the rotor to assist in provid-
ing adequate ventilation for cooling, see figure 59. .

)
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Figure 59. Squirrel-Cage Rotor .7 .

v

‘Wound Rotors

The wound rotor has a laminated sili-
con steel core mounted on a shaft. A rotor
winding is wound around the core. The

- rotor windings are made of coils similar
. .._..tothose used in a stator. Eachcoilis
made up of a number of turns of insulated
copper wire. The windings are connected
1iké those of the stator, wye, or delta.
When the rotor is connected for wye opera-
tion one €nd of the windings are.connected
together in the center and the other'end
connected to sliprings mounted on the shaft. ’ \
Brushes ride on the sliprings and are con- Figure 60. Three-Phased Wound Rotor
nected externally to resistors for variable ' . :
speed control. When connected for delta operation, the windings are internally con-
nected into a delta configuration and three leads are connected to the sliprings. Wound
rotor types of three-phase motors are used where a low starting current and high start-
ing torque is,desired without an external starting device, see figure 60.
. /

Endbells

The endbells serve three functions: (1) house the bearings, (2) support and align
the rotor and shaft, and (3) complete the frame of the motor.

ot
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OPERATION ‘

The most common types of motors used today derive their name from the type of
rotor uged, operating principle, and their starting mechanism. The major type of ,
motor that you will be working with is called the squirrel-cage induction motor. The
term squirrel cage is used because the rotor looks like the exercide wheel used inside
a squirrel cage. The term induction refers to the principle of ope¥ation which will be

. studied-in.this.section. .. e e e e e e e

'I‘o operate an induction motor, two requirements must be met: (1) a rotating
magnetic tield must be set up in the stator and (2) a magnetic field must be present in
the rotor.

To explain how the magnetic fields are created, a stu'iiy of the basic three-phase

" motor w1u enable you to view the step-by-step process of starting a magnetic f1eld to

rotate ' ‘

The stator of a three- phase motor is wound with three sets of poles (windings)
placed 120 electrical degrees apart, see figure 61.

PHASE 1

/ * {enase 2
—

——l

PHASE 3

e
e

Figure.61. Three-Phased Windings 120 Degrees Apart

Phase 1 18 120 electrical degrees from phase 2. Phase 2 is 120 electrical degrees
from phase 3, which is 120 electrical degrees from phase 1. When the three -phase
alternating current is applied to the windings, what appears to be rotating magnetic field
will be created, a study of the three -phase ac sine wave as current flows tlirough the
motor and its effect is necessary. ‘
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Figure 82 shows the stator and entering current of three-phase power. Note that
phase 1 is at maximum and phases 2 and 3 are below maximum but equal: This condi-

tion will cause phase 1 and its poles to set up a strong magnetic field, while phases.2 . . .
*~"and"3 sef up weakér magnetic fields, _

°

-~

Fiéure 63. Current Flow in Phases 1
and 3. One and 3 now have
strong field,

Figure g2, Cixfr‘:ént Flow in Phase 1
Sets tgp Strong Field, ‘

vy

" Figure 63 shows ‘the sine wave and current 22, 5 el€ctrical dégree’s later, Now/
phase 1 and phase 3 are equal, but opposite and phase 2 is at zero. Phase 2 does not

have a magnetic field, “The magnetic field is now shifted from its original position and
is 2ow between poles'1 and 3, \ ' ‘
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Figure 64 shows the relationship after the current shifts another 22. 5 electrical
degrees. The magnetic field is now strongest in phase 3 and phase 1 and 2 are equal
R but below maximum. . 5 o ‘ -

.

R) ]
SR e e (X3
:

(N &8

Figure 64, Current applied to phase 3 *Figure 85. Phase 2 and 3 now each have
creates a Strong magnetic field there. current flow and a magnetic field.

Figure 65 shows another shift along the sine wave and finds that poles of phases 2
and 3 have set up and share a commoi. magnetic field, while phase 1 is at 0 with no -
magnetic field, - '

’ * {

As the curreat continues to alternate, the magnetic field will alternate with it, .
Zuch caange that occurs in the current will create a change in the magnetic field. When'
:x.3 current is applied to motor windings, it sets up an alternating magneti¢' field which
:5.lows the changes in applied curreént. ) - *
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« The alternating inagnetic field in the stator will cut across the ébpper bars in the
rotor, inducing current in them! As the rotor current is induced, a magnetic field will

develop around the rods. The magnetic field in the rotor reacts- with-the-magnetig-field- - - - - -

in the stator producing a torque, _causing the rotor te turn. o

"The superb statting torque of a three -phase motor makes-it ideal for application on.“ ‘

equipment that requires high torque such as large fans, eompressors, .and large pumps.

Slip

The time lag between the speed of the rotating magnetic field (synchronous speed)
and the rotor speed is called slip. Normal slip is 2.to 5 percent of synchronous speed.
If slip increases, the torque (twisting effect of the shaft) increases. However 25 percent
slip is called s{al nt and the rotor stalls or locks. This is normally caused if the
motor is overloaded. To figure the percent of slip, synchronous speed must be figured.
The formula for synchronous speed is: '

Example: - . frequency X 120 .
° RPM number of poles .
. 60 X120 A
RPM —
= 7200 ‘
RPM 3 -
- , RPM = 1800

\

The synchronous speed for a four ~pole motor is 1800 RPMs. A data plate located
on the. stator will give the motor speed (shaft speed) as 1725 RPMs. ‘\Wit_h these two

-~-figures-slip-can be-determined-as-follows: =~ - . s
. ' . :
%of slip = synchronous speed - rotor speed
N synchronous speed X 100
. //
%ofslip = 88-T8 x 100
’ ss
% . 1800 -1725 & 400
o of slip —850 — X 100
i -
% of slip = 75 /
p 800 X 100 - N ey ~" B
' . RS BT N
.slip = 4.1 percent. T R T

Normally you can obbéin the RPM of a moto’r from the data plate. However, in
some cases, the data plate will be missing from the motor. If the motor is operational
a tachometer can be used to determine the speed of the shaft.
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Motor Connections
- A three-phase motor has both internal and external conne#txons. 'I’he mternai con-
nections determine whether the threé%sets of stator windings are connected delta or wye.
The external connections are made with leads which are breught out to the terminal box
. of the motor. These leads prov1de a means of connecting the motor to a source of power.

SUNISUUUNINUUIN, (UG RSV - .— e e o

Internai Connections ) '

-

The two main types of internal connections used in three -phase motors are the wye

ang the delta,
/

The symbol for a wye connected’ motor is the symbolY . Figure 661is a schematzc
diagram of a wye connected motor for high voltage.

/

440V 220V -
|
4 “ ! - ’
m .
VL VLY !_..l

DO=I8tA

Figure 66. 440-Volt Circuit Diagram - . N

NOTZ:, | ’I‘he schematic diagrams shown do not illustrate the true position of the coils
i the stator.
. : !

f




. DC-0408
Figure 67. 220-Vdit Cirquit Diagram
Figure 67 shows 2a schematic diagram of a wye connected motor for low voltage.
The symbol for a delta connected motor is the Greek letter delta A . .
’ /

Figure 68 shows a schematic diagram of delta connected motor for high voltage.

l44ov 220 v

]
A eg 'c GRLO_
L

0C-0404

Figure 68. 440-Volt Circuit Diagram
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Figure 69 shows a schematic diagra:m of a delta connected motor for low voltage.

’

oC-C4ia

Figure 89. 220-Volt Circuit Diagram , :

{. Jetermine the direction of rotation of a three -phase motor, it is normally ’
started before the load is connected. If the rotation is incorrect, you can change any
two power leads to reverse the rotation of the motor. Figures 70 and 71 show the

schematic representations. Vi
| 1 ,
% % SRO
e/ By C4 l___l_ .

/ KR N M ¢

w

7

: Figur . 440-Voit Circuit Diagram For Wye Connected Motor
49
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Figure 71. 440-Volt Circuit Diagram for Reversing Direction of Rotation -

- FUNDAMENTALS OF SINGLE -PHASE MOTORS ' |

Motors may be classed according to their construction featuyes. The two general
classes to be covered in this study guide are the commutator motRrs and induction o
motors. Both of these classes RTotors have.a stationary field which is energized with
alternating current. "

Induction Motors / B >

>~

i~
. / ‘{\k
: 1
SPLIT -PHASE MOTORS. Split-phase motors are usxf_must fractional horsepower . 9
and are used to operate such devices as washing machines, snrall pymps, dryers, and a
blowers.

v

Basically, a split-phase motor is constructed the same as a three-phase motor.
It has a stator, rotor, and two endbells. The windings are located and connected differ-
ently than they are in a three-phase motor. A centrifugal switch has been added to the
rotor and one endbell, see figure 72. A rotating part of the centrifugal switch is located
on the rotor and a stationary part (containing a set of contacts) is located in the endbell.
The purpose of this switch will be explained later in this s ide.

50 1]




Figure 72. Components of Centrifugal Switch-

WINDINGS. The sphit-phase motor has two windings. One winding is of heavy
.nsulated copper wire, which 1s generally located at the bottom of slots in the starter
and are called "Run Windings'* or ""Main Windings." The other winding is called the
"Start Winding' and is generally located in the starter on top of the run winding. The
~tart winding and the run winding are connected to power until the motor reaches 75
gercent olfits maximum RPM. The centrifugal switch disconnects the start winding
from the power. The run winding is made up of many turns of heavy copper wire and
‘he start winding 15 made up of fewer turns of small wire. If the start winding is not
disconnected after a short pericd of time, it will burn up.

CENTRIFUGAL SWITCH. The rotating part of a centrifugal switch is 2 mechanical
aiechanism that relies on motion and flyweights to operate, As the rotor turns the
flyweights are pulled out by centrifugal force. This applies pressure to the closed

- contacts of the switch causing them to open. These gontacts are in series with the start
winding. The opening of the contacts will deenergize the start-winding, see figure 73.

- OPERATION. When a split-phase motor is started, current flows through both the
running and the starting winding. This causes a magnetic field to be formed inside the
motor. The magnetic field induces a current in the rotor windings, which, in turn,
causes a magnetic field in the rotor. The magnetic fields combine in such a manner as
{0 cause rotation of the rotor. The start winding is necessary at the start in order to
oroduce the rotating field effect. After the motor is running, the start winding is no
..nger needed and is cut out of the circuit by means of the centrifugal switch. After the
start 'winaings are cut out, the motor operates on a shifting magnetic fieid.

Capacitor Motors ,

’

Capacitor motors are made 1n sizes ranging from 1,20 to 10 horsepower. They, are
. . . N - ~ .
wiaely used to operate refrigerators, washing machines, air compressore, air condition- ¥°
ers, and fans. . /

A capacitor motor is constructed similarly to a split-phase motor. A capacitor has
sce2n added to give the motor better starting torque.

) - 0




CAPACITOR-START MOTOR. capacitor -start mdtor is an improved version of N

the basic split-phase type motor.An intermittent type of oqpacitor s connected in series. -~ 3
with the start winding. When t}6 motor'reaches 75 percent of full speed>the centrifugal . .
i S and the capacitor. The capdcitor added’in the start : .|

, windings gives the motor % starting torque than a basic split-phase motor.,‘ ;o

To create a st torque 1n a capacitor motor, a better rotating magnetic field hag - . "
to be established insigé the motor. This is accomplished by placing the starting windinge
out of phase with the/running windings by more electrical degrees) capacitor 1s uSed_;fo
cause the current iz the start winding to reach its maximum value Béfore the current 1, |
the running winding becomes maximum. Actually, the capacitor causes the current 1n fiie |
it}n winding to lead the current in the running winding. This causes a revolving maghetic 1

leld in the stator which induces a current in the rotor and causes it to rotate. .

S |
‘ »

-

/

jt———— CONTACTS CVOSED ‘ g

FLYWEIGHTS AT REST

CENTRIFUGAL SWITCH IN'STARTING POSITION

C CONTACTS OPEN

FLYWE!IGHTS HAVE OVERCOME
PRANG TENSION

CENTRIFLGAL SWITCH IN RUNI\‘HNQ POSITION -

OF «0e9

Figure 73
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. connected in series with the starting windings and lef

v

PERMANENT-SSPLIT CAPACIT@MOTOR. The permanent -split capacitor consists
of a standard split-phase type stator, a squirrel-cage rotor, a capacitor and endbells.’
This is another version of the basic split-phase motor. ermanent type capacitor is

ercmt at all times. The
starting windings in thxs motor are not a high resistance winding and have the same num-
ber of turns and wire size as the run windingg. The capacitor is used instead of resis-
tance to give the split-phase effect. This eliminates the need for a centrifugal switch in’
this motor.- The capacitor is continuously rated and is selected to give best operation at
full speed while sacrificipg starting torque. The permanent -split capacitor motor has the
operatinf characteristics of poor starting torque with a high current draw, but runs with
a good torque under load, at a constant speed. - N

'

/ 4

Commutator Motors ’

Single-phase commutator motors have a drum-wound armature, commutator, and
ocushes. Thigistudy guide will cover the simple repulsion, repulsion start-induction
run, repulsion mduction, and universal/ .

SIMPLE REPULSION MOTOR. The simple repulsion motor consists of a single con-
centric type stator, a wound rotor, a commutator, two carbon brushes, compensating
~.Ldings, and endbells. The stator windings and the compensating windings are connected
.1 series. The compensating windings are used to improve the power factor in this motor.
T'wu carbon brushes are employed on the commutator. The two brushes are short-
21rcuited to each other. This motor has the operating characteristics of high starting
corjue and low starting current draw. Although its starting torque is useful, its large
var:ation of speed with load is not desxrable in many applications. This motor is com -
monly made in s1zes from } to 10 horsepower and is used to power such loads as convey-
ors. small compressors, and woodworking equipment. The simple repulsion motor is
shown 1n figure 74. )

REPULSION START-INDUCTION RUN MOTOR. The repulsion start-induction run
mutur consists of a single concentric type stator, a wound rotor, compensating windings,
a centrifugal device. and endbells. This type offepulsion motor uses four carbon brushes,
two argfshort-circuited together, the other two brushes are connected in series with
the compensating winding. . The compensating windings in this motor,are used to improve
the power factor during the starting period. The centrifugal deviee used in this motor
consists of a shorting ring and a brush lifting mechanism. As the motor reaches approx-
imately 75 percent of its rated speed, the centrifugal device forces the short-circuiting
ring into contact with the inner surface of the commutator segments and converts the
motor 1nto an induction motor. At the same time, the centrifugal mechanism raises the
orusnes. which reduces wear of the brushes and commutator. This ' motor has the opera-
:1ng cnaracteristics of high starting torque with a low current draw and a constant running
speed under load. The repulsion start-induction run motor,* shown in figure 75 is made
1n s1zes from 1. 4 to 10 horsepdwer and is used to power such loads as compressors,
fans. pumps. stokers, and farm machirery.

'
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Figure 74. Schematic Wiring Diagram
of a Single -Phase Repulsion Motor

REPULSION-INDUCTION MOTOR.
The repulsion-induction motor consists of
a single concentric type stator, a combina-
tion rotor, a commutator,. brushes, com-
pensating windings and endbells. This type
of motor has four ¢arbon brushes, two
being short-circuited together; the other
two brushes are in series with the compen-
sating windings. The compensating wind-
ings in this motor are used to improve the
power factor of the motor and to reduce
some of the sparking at the brushes. This
motor does not have a centrifu;gal switch or
device but ingtead has a squirrel-cage
winding on its rotor in addition to a wound

. [}
~ BRUSH SHORT CIRCUITING RING L} J
l SPRING A -
5~/ 4 X
. = 7AEI
=___—_

RADIAL
COMMUTATON CENTRIFUGAL MECHANISM

Figure 75. Repulsion-Start Induction-
Run Motor Rotor

FIELD WINDING
CARBON
BRUSH

WNE TERMINAL

ARMATURE
SRUSH

TERMINAL
COMPENSATING WINDING

00-08)

Figure 76. Schematic Wiring Diagram
of a Single-Phase Repulsion-Induction
Motor

rotor. Rotors of this type are called combination rotors. The squirrel-cage winding is
placed underneath the wound rotor section and is so constructed as to have high-inductive
reactance. At low speeds, very little current flows in the squirrel-cage windings and
the motor starts as a repulsion motor. When the rx)tor reaches operating speed, the

frequency of the induced rotor currents is low, so

at current flows more in the

squirrel-cage winding and the motor operates as an induction motor. This motor has

the operating characteristics of high starting torque with a low current draw and a -
constant running spe&d under load. ‘The major disadvantage of this motor is that the

brushes remain onsthe commutator, causing arcing, thus increased maintenance. The
repulsion-induction motor shown in figure 76 is made in sizes up to 10 horsepower and

is used to power such loads as printing presses, textile machines, and laundry extrac- -

tors. To reverse the direction of rotation the brushes must be shifted past the neutral

plane.

-

Universal Motor

A universal motor is one that can operate on either single-phase alternating current

or direct current. These motors are normally made in sizes ranging from 1,/200 to 3,'4 .
horsepower. They are obtainable in much larger sizes for spe-:ial conditions. The
fractional horsepower sizes are used on vacuum cleaners, sewing machines, food mixers, A

and power handtools. There are several types of’universal motors; however, the salient

pole type is more popular than the other types.

54
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The salieni; pole type consists ofa -
stator with two concentrated field windings,

a wound rotor, a commutator, and brushes. FIELD WINDING ‘
The stator and rotor windings in this motor -1 R INAL

jare connected in series with the power

| ) “gource. Two carbon brushes are employed

| in this motor and remain on the commutator
‘ at all times. These two brushes are used °

A h : ; LINE CARBON
to connect the rotor windings in series with TERMINAL 8RUSH
the field windings and the power source, /
see figure T1.

8
The umversal motor does not operate at -2 +\'an SH
& TERMINAL

a constant speed. The motor runs as fast A= SINGLE - PHASE
25 the load permits--low speed with a STRAIGHT SERIES WOUND UNIVERSAL MOTOR
aeavy load and high speed with a light load. y
Umiversal motors have the highest horse- .
power to weight ratio of all of the types Figure 77. Universal Motor

of electric motors.
SINGLE -PHASE MOTOR CONNECTIONS

Split -phase and capacitor start motors are made for either single or dual voltage
speration. The single voltage, nonreversible type will have only two leads-~1 and 2.
The single voltage reversible motor will have four leads numbered 1, 2, 5, and 8. A
dual‘voltage nonreversible motor will have four leads numbered 1, 2, 3, and 4. The
dual voltage reversible motor leads will be numbered 1, 2, 3, 4, 5, and 8. Leads
numbered 6§ and 7 axe terminals of coils which are connected internally.

In order to operate a dual voltage motor on the high voltage, the running winding e
must be connected in series as shown in figure 78. Leads 2, 3, and 8 are connected and
taped, leads 1 and 5 connect together and go to power. Lead 4 goes to power, see

‘ figure 8. L

To operate on the lower voltage, the running windings are connected in parallel.

Leads 1. 3, and 5 are connected together, then to power. Leads 2, 4, and 8 connect

‘ together, then to ground, see figure 79. »
b:;::y;
RUNNING STARTING
WINDING 3 WINDING 220Y 1mov| 2 ~

! \ 5 )
l ‘ \\
GRO , ’
A 8 ¢ L
6 T g
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2 4] s 0D-0838 °
Connected for High Voltage--220 Volts
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Figure 78. Schematic of Single -Phase Motor Windings
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The starting winding is always connected in parallel with the running winding,
regardless of which voltage (high or low) is connected to the motor. The starting
winding cannot at any time have more than 120 volts across it.

5 4

WINDING 3 wINDING
/\ \ ’

3
GRD
) 8y c% ‘
6 —
o +

/
RUNNING STARTING l 220V I 110v

2 00=0838

Figure 79. Schematic of Single-Phase Motor Windings
Connected for Low Voltage--110 Volts

To reverse direction of rotation of a single -phase induction motor, the start winding
leads must be interchanged. Leads 5 and 8 are the start winding leads. High voltage
would be leads 2, 3, and 5 connected together and taped. Leads 1 and 8 are connected «
together, then to power, and lead 4 connects to power. Figure 80 shows these connect- .
ions. The same method is used for low voltage. Leads 1, 3, and 8 connect to power i;‘
and 2, 4, and 5 to ground. :

RUNNING STARTING
1 WINDING WINDING

220V

55t o

n

O0~0838

Figure 80. Reversing Direction of Rotation of a Single-Phase Motor ’ -
Connected for High Voltage
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Motors chosen for a specific task must be properly rated, constructed, and protected
for their work. Such factors as size, type of voltage, enclosure, speed, mounting require-
ments, 'direction of rotation, torque, types of bearings, shaft size, and temperature must
be considered. ‘

When selecting a motor for a specific function, one of the first things to consider i
the available power. The power supply must have. the required phases and voltage to
the size motor needed to drive the load. '

Motor 0 size, as either being ifractional ho
integral housepower. A fractional horsepower i less.than one
horsepower, while an integral horsepower motor is rated at one horsepower or larger.
This classification is mac}e by the National Electric Manufacturer's Association (NEMA).

e

Motors are also classed by construction or enclosure according to mechanical pro-

tection afforded or the method used for cooling.

Common types of enclosure are as follows:

. Open Motor - An open motor has ventilating opeﬁi’ﬁg's in the frame
which permit the passage of cooling outside air over and around
the windings. e

* Splashproof - A splashproof motor is an open motor in which the
vent slots are made to prevent liquids or solids from entering
* them except at indirect angles.

. Totally Enclosed - This motor is built to prevent free passage
of outside air. It is not airtight; therefore, it cannot be used
in an explosive area.

= Drip Proof - A drip-proof motor is an open motor in which the
ventilating openings are so constructed that drops of liquid or
solid particles falling on the machine, either directly or by .
striking and running along a horizontal surface, will not enter |
the motor.

. Waterproof Motor - A waterproof motor is a totally enclosed
motor so constructed that it will exclude water applied in the
form of a stream from a hose.
\ ~
* Explosicnproof - Explosionproof motors are designed to withstand
an internal explosion of the vapors or dust from the area in which
they are used and to prevent an explosion due to motor faults.

.Location of installation will determine the type of enclosure of the motor. For
example, an open motor would be used where the motor is protected from the elements
oy its surroundings. Totally enclosed motors would be used where there is a need to
restrict the passage of outside air. Explosionproof motors are used where a hazardous
condition exists or might exist. According to Article 500 of the N.E.C., hazardous
iocations are classed into three categories:
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Class 1 - Locations containing flammable gasses or vapors.
Class IT - Locations _contafning combustible dust.
Class I - Locations containing easily ignitable fibers or f;{iings.

Article 500 of the N.E.C. also hreaks down hazardous conditions into two divisions;
Division I - The hazardous condition is normally present. ‘

DivisionII - The hazardous condition is not normally present but may occur.

Along with enclosures the location of the motor will also determine the tempera§ure
of the motor. Normal temperature rise of a motor is 40°C. This rise is added to the
ambient (surrounding) temperature of the motor.

Duty of a motor is defined as the frequency in which it is started. This is an im-
portant factor in motor selection since motor windings heat rapidly during starting.
For our purposes, we will divide motors into continuous duty and intermittent duty
categories. Along with duty comes the term service factor. Since some motors are
classed as general-purpose motors, they may have a service factor stamped on the data
plate. The normal horsepower rating is multiplied by the service factor to give the
safe overload capacity of the motor. For example, a five-horsepower motor with a
service factor of 1.15 can be used to carry a continuous load of 5.75 hp (5 X 1.15).
Normal service factor is 1.15. '

The types of bearings used in a motor usually depend on their application to a load
or on its mounting plane, whether horizontal or vertical. As a general rule, sleeve
bearing motors are horizontal mounted and ball or roller bearing motors are designed
for vertical or horizontal mounting. The speed of the motor and size of the shaft are
determined by the equipment to be driven or the load to be applied to the motor shaft.

" The connection to the shaft is made in different ways depending on the load. Keyway

and ey, ey, couplings, and gears are common methods for connecting the shaft
to the lo

AccoYding to the Article 430-7 in the N.E.C., motors shall be marked with certain
information, such as the following: '

1. Manufacturer's name.

2. Rated volts and full-load amps.

3. Rated frequency and number of phases.
. e v,
4. Rated full-load speed.
5. Rated temperature rise.

6. Time rating

7. . Rated horsepower if 1/8 or more




Rt

Along with required information, manufacturers volunteer useful information, such as
frame number, type, design, serial number, and motoz\connection, see figure 81.

* (

HP 3¢ PH3 CYCLES 50 60
OLTS 208 - 2207440 RPM 1500 1800
AT Volt N
FRAME 213 Amps 4.7 4.3
Lo volt
TYPE H Amps 9.4 8.6 |
DESIGN B _CODE J RATING 50° C 40°C
7 ;
208 V AMPS 9 SERIAL

3228962 L0 voLrs » YOLrS

Maintenance..Instructions v i I i
v v

it Lt

-

08 ELECTRICAL MOTOR INC

Los Angeles, Caltf. Made in USA' Milford, Conn.

oD-032

Fié\‘n/e’ 81. Motor Data Plate

Surpmary

The stator of a three-phase motor is constructed with semiclosed slots for windings
which are connected either in a wye or in a delta fashion. -

The kind of rotor used in a three -phase stator actually determines the kind of the
three -phase motor. There are two distinct types of rotors: (1) the squirrel-cage, and
(2) the wound rotor. The squirrel-cage is the simplest in construction and requires
less maintenance than the other types: therefore, it is the most popular. The three-
phase motor operates on the theory of a rotating magnetic field established in the stator.
Slip is the time difference between tHe rotating magnetic field and the rotor. Stall point
is 25 percent slip and locks the rotor stationary. To figure amount of slip synchronous
frequency X 120

number of poles

speed must be known. The formula for synchronous speed is RPM =

With synchronous speed known, percent of slip is figured with the following formula:

Slip = ES'S_”’ X 100. The windings of three-phase motors are brought out from the
3 .

stator to an external power source. The windings are connected for either wye or delta -

operation, 220-voit or 440-volt power supply. To reverse the direction of rotation of a
three -phase motor, two power leads must be interchanged. °

To develop skill and proficiency in the connecting, operating, and maintaining
single -phase motors, you should know as much about them as possible.

/
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,_w‘i’r_)g which serves to affect the necessary phase shift for starting. -~

The various types of single -phase motors are capacitor start, split-phase, universal
motors, and repulsion motors. All of these motors operate on the principle of inter-
action between magnetic fields. The major difference between single -phase motors is
usually in the method used for starting. Capagitor start motors, of course, employ the,
use of a capacitor to throw the starting current out of phase with the running current.
This acts to shift the magnetic fields acting on the motor rotor to provide starting torque.
Universal motors have a wound rotor the same as a direct current motor but they are
designed to operate both on ac and. dc. Split-phdse motors have a separafe starting

[
"

To select the proper motor to do a jE)b, many factors have to be considered. Among
these are the type of power supply, amount of horsepower required, speed, and direction
of rotation. 0 .

The environment the motor must operate in will determine the-type of housing used
to protect the motor, also the position a motor is mounted in will determine what type

of bearings are needed. ‘ e

The motor data plate furnishes much valuable information, such as hp, voit, amp,
and service factor. o

] N -

References: .
g

1. Textbook; Modern Refrigeration and Air Conditioning. Althouse, Turnquist, and .
Bracciano. -
2. Textbook; Basic Electricity/Electronics. Van Valkenburgh, Nooger, and Neville.:
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¢ CAPACITORS

P
¥ »
-

A capacitor is sometimes called a condenser. You probably have sedn many capaci-
tors or condensers in places other than on a motor, such as automobile di§tributors,
’ radios, and TV sets. A capacitor may be called a device to store a quantity of electrons.

In making a capacitor, all that is necessary are two or more metallic plates separa-
ted by air or an insulating material. This insylation between the plates is termed the
“dietectric. " You could take two sheets of metal and place a newspaper between them
and you have made a capacitor.

Capacitors are named for_the dielectric material used. The two major types are
the electrolytic or start capaCitor and the oil paper or run capacitor. Electrolytic
capaciutors consist of stripg of aluminum foil rolled together. The dielectric 1schemically
produced to give the effect of two plates and a dielectric. The_running capacitor
corsists of two sheets of foil separated by a heavy oil paper dielectric and rolled together.

The capacitance of a capacitor is rated in Farads. For practical purposes the farad,
1S too large a unit of measurement, so the term 'Mlcrofarad or one millionth of a farad’
is used ( mid).

The features that determine how much capacitance a capacitor will have are the
area of the plates, the larger the area, the more capacitance, and the dielectric constant
of the insulation betweenfe plates. Other things being equal the capacitance is directly
groportional to the area of the plates. If we double the plate area, we double the
capacitance. .

Capacitors come 1n various sizes and capacities. No specialist can be expected to
have an exact replacement for each defective capacitor he may encounter. Many sub-
stitutions can be used. When making these substitutions a few rules to remember can
keep vou out of trouble. They are as follows:

The voltage rating of any replacement capacitor ML‘ST be equal to. or greater
than, the ¢apacitor being replaced.

"When replacing a s t capacitor. the mfd must be equai to, but no greater
than 20 percent mofe than that of,the capacitor being replaced.

3. When replacing a mun or P.S.C. capacitor, the mfd rating must vary no more ”
than - 10 percent of Wie raiing of the capacitor being replaced.

DO NOT GO BEYOND THESE.LIMITATIONS WITHOUT EXPLICIT INSTRUC-
TIONS FROM THE MOTOR MANUFACTURER.

b

-

it 1s sgmetimes necessary when substituting eapacitors to use two or more capacitors
.2 replace one capacitor. These multiple capacitors must be wired correctly or the
motor will not operate properly. Never use starting and running capacitors together.

.

5
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When wiring capacitors in parallelthe rules are simple.

1. All capacitors must have a voltage rating equal to, or greater than the replace-
ment capacitor. )

2. The total mfd rating is the sum of the mfd rating of each capacitor. For
example you wanted to replace a 160 mfd capacitor rated at 440 volts and you
had five capacitors to choose from: - .

1. 2.- 3. 4. 5.

/ ] 60 mifd 100 mfd - 40 mfd 120 mfd - 100 mid
e 220 Volts 330 volts 440 Volts 440 Volts 440 Volts
}

¢
Capacitors 1 and 2 would be eliminated as the voltage ratings are not equal to the
original.

Numbers 3, 4, and 5 meet the voltage requirement but only 3 and 4 add up to the
proper mfd rating. In this case 3 and 4 would be our substitutions. .

When connecting capacitors in series the arithmetic is a little more difficult.
The rules are: ’

1. The sum of the voltages“must equal the voltage of the i-’eplacement.

- l,
2. Total capacitance of capacitors in series is found by the following formula. -

%3

_ClXcC2 _
€ Cisez - md
For example if you should need a mid rating of 20 and you had two 40's available,
the formula would be: ) _ . .

40 X 40 1600
C=%0-% = g0 - 20md

If a capacitor-start motor fails to operate, it may be the capacitor which is at fault. .

To check a capacitor to determine its condition, you must first discharge it. This dis- .
charging is accomplished by crossing (shorting) the two terminal leads together.
CAUTIGN: Do no} touch the bare portion of the capacitor leads. It is advisable to always
discharge a capacitor with a resistor in series with the terminals. This prevent

> large surge of current that could damage the capacitor and injure you. After distharging
the capacitor, remove it from the unit. Obtain an ohmmeter and set it on Rx 100 scale.
Place the test leads on the capacitor terminals. «If the capacitor is good, the needle will
move to’an ohm reading and thén move slowly back to infinity. If the meter reads zero
ohms, the capacitor is grounded or shorted and if the meter reads 1infidity, the capacitor
has an open and must be replaced, see figure 82.

62 - 12,




BAD
( SHORTED) + (OPEN)

Figure 82.

All capac:tours should have ratings stamped or painted on them. Occasionally these
reacings pecome unreadable. Also on some troublesome gervice calls it becomes
necessary to check capacitor ratings. This check can be accomplished quickly and
simply with the following equipment:

1. Standard light cord and two alligator clips.

2. Fuse receptacle. 5{
! 3. Voitmeter.
4. Ammeter. ’ B

The wiring diagram in figure 83 shows how the meters are wired into the circuit.

-

CAPACITOR

A :

0C-048

. Figure 83.

.
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The capacitor is discharged and the anigator ciips attached to it, the volimeter is
placed across the line and the?m/ter and fuse are in one side of the line. [ #

The test cord is inserted £ voltage and the’meter readings qu1ckly taken The plug
is removed and the mfd rating is determined by the followmg formula®. )

, .
! ’

fd = 2650 X AMPS .
) mld = —Yolts . :
Suppose fo ble our voltmeter mdxca.t?a{i 100 Volts arnd the ammeter indicated

10 amps. usin ur formulas we can determine the mfd ra.tmg of the capacitor tested.

~

. 2650 X0

An important thing to remember is that the fuse is there to protect the ammeter and .
you. Never bypass or elimirate it. If the ammeter scale to be used is peaked at .
50 amps, the fuse must be less than this anticipated'high.

Sammary
’
The purposes of capacitors are to provide starting torque for motors, improve their
running characteristics and efficiency, and improve the power factor. Selection and
testing capacitors is an important part of your job. Knowing the rules of selection and
the procedures for testing these units will aid you 1n accomplishing your duties as a
refrigeration specialist.

References:

Textbook; Modern Refrigeration and Air Condxtionmg Althouse, Turnquist,
and Bracciano.
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STL'D..Y NOTES

) ~
Department of Civil Engineering Training SG 3AZR54550-2~1-3°
Sheppard Air Force Base, Texas " May 1974

THERMODYNAMICS, *

PRINCIPLES OF REFRIGERATION
¢ .

v o

OBJECTIVES f\_

This unit of study is designed to develop a sound knowledge of the definition of
terms, and fundamental principles df the mechanical refrigeration cycle. It provides
the iOundatlon upon which a thorough knowledge of refrigeration and air conditioning
is based. N

INTRODUCTION

In order to be a proficjent and competent specialist, you must have knowledge of
the terms applied, and physical and chemical processes of refrigeration. It is
important that you begbme thoroughly familiar with the principle and ‘operation of the
refrigeration cycle._

STUDY ASSIGNMENT: Mpdern Refrigeration and Air Condxtzomng, paragraphs 1-1
through 1-53. ,

) N
Paragraph 1-3. BITERN

A schematxc drawng of a simple compression type refrigeration mechanism is
shown 1n figure 84. Follow the flow of refrlz,erant beginning with the liquid receiver,
through the liguid line, up to the refrigerant control and into the evaporator. In the
evaporator, the pressure 1s reduced and the refrigerant boils at a low temperature and
absorbs heat from the surrounding space. The refrigerant is now a vapor and is drawn
down the suction line to the compressor where it is again compressed to a high temper-
ature and pressure and pushed into the condenser where it readily gives up its absorbed

heat and returns to a ligquid,

CCMPRESSOR RECEIVER A
Figure 84, '
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3. Evaporato; - The liquid ref&‘igera.nt boils and absorbs heat from mﬁ\%\rrounding ‘

N
sgain referring to figure 84, we will review the above.
1. Liquid receiver - Liquid refrigerant is stored here

2.. “Regﬂge‘rant control - Maintains the pressure difference between the high and low
sides of the system

/ -

space

. ’ Voo .
4. Compressor - The vaporizéd refrigerant is drawn ihﬁ’the compressor and is
compressed t0 a high pressure and temperature and is pumped to the condenser

5, Condenser - The-high-pressure, high-temperature vapor gives up the heat that was
absorbed in the evaporator. The refrigerant returns to a liquid and flows to the
receiver ready to repeat the cycle

Parafraphs 1-4, 5, and 6 .

Molecular motion increases with temperature. To cool a substance means to slow
own its molecular motion. Heat always flows from hot to cold. In order to transfer

heat, you must arrange the conditions so that the temperature of the substance receiving

heat is colder than the substance releasing heat.
: ' o / .
Heat is a form of energy. Temperature is an indication of the speed of the molecule
motion. The motion of the molecules of a substance at a high temperature is faster than
the motion of the molecules of a substance at low temperature.. '

The amount of heat in a substance depends upon three factors.

»

1, Its temperature ' ' e
yad ]
, 2. The amount of the substance (weight)
3.* The material of the substance (specific heat)
Paragraphs 1-7, 8 9, and 10

Thermometers are used to measure temperature. There are several thermometer
scales, the most.common being Fahrenheit and centigradé. Comparison of these scales
is shown in figure 1-3 of the textbook. Note that the illustration shows ‘water freezing
at "0" degrees centigrade and 32" degrees Fahrenheit and bailing at ''100’* degrees
centigrade and '"212" degrees Fahrenheit, These are actually the same temperatures,
but on different scales.

With the development of cryogenic substances and temperatures, abso}\;e\emper-
atures are sometimes used. The Rankine (R) is the Fahrenheit absolute scale and the
Kelvin (K) is the absolute cuntigrade scale. With these thermometers it is never neces-
sary to deal with minus temperatures, Careful study of paragraph 1-8 will help you in
understanding practical use of these scales. ) ..

The absolute zero on the Rankine and Kelvin scales is cc;nsidere'd the temperature

at which’there i8 no molecular movement, pr -
! s .

< 166
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Paragraphs 1-13, 14, and 15 ,

Most substances exrst in three common states: solid, hquld and gas. Use water
4s an example at atmospheric pressure. If frozen it is ice, a solid. X heated to a
temperature of 32 degrees F or above it will be water, a llqu’xd If heated above 212
degrees F it will be steam, a vapor_or gas.

A solid maintains a certain shape.

A liquid conforms to the shape of its contaifier.

A gas or vapor must be confined in a container or it wxll escape or dissipate.
Paragraphs 1-16, 17, 18, and 19

Pressures are a very important factor in refrigeration systems, The fact that a
substance 1s a solid, liquid or gas is dependent tpon both the pressure and the temper-
ature of the substance. In figure 84 the pressure in the evaporator was reduced, con-
sequently the refrigerant boiled at a low termperatyre.

Paragrapns 1-23, 24, 25, 26, 27, and 28

Temperature of a substance may be measured with a thermometer, however there
1s no instrument that may be used to measure the amount of heat in any substance. The
amount of heat must be calculated. The unit of heat is the British thermal unit (Btu),
This is the amount of heat required to raise the temperature of one pound of water one
degree Fahrenheit.

As heat is added to a substance and its temperature increases, the increase is
known as sensible heat, Sensible heat can be felt by touch and measured with a ther-
mometer. Further defined, sensible heat causes a change in temperature but not state.

The amount of heat required to change the temperature\c} a substance one degree
Fahrenheit is termed specific heat.

Latent heat of a substance can neither be felt or measured wii:h a thermometer.
It 1s the heat required to change the state with no change ‘in temperature. Figure 1-18
shows the effects of sensible and-Tatent heat with water as a staadard. ;

Paragraphs 1-29, 30, and 31

A ton of refrigeration effect is the amount of heat required to melt one. ton of ice
per 24 hours. One pound of ice in melting will absorb 144 Btus. Dividing 288, 000 by
24 equals 12, 000 Bt /hr. .

’

Paragraphs 1-34, 35, and 38 - . : N

One horsepower is equal to 2,545, 6 Btu/hr. This is equal to 746 watts of electri-
cal energy, 778 foot-pounds equal one Btu. In many refrigeration calculations, it is
necessary to convert the value of one form of energy into equal values of another form
of energy.

(

Z ‘J ) |
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.Figure 1-19 should be studied carefully. It will'show you the effect of pressure,
temperature, and latent heat of vaporization on the behavior of a liquid refrigerant
under pressures. ;

Paragraphs 1-37, 38, 39, 40, and 41

Heat may be transferred from one place to another by three methods:
convection, and radiation. You learned that heat always flows from hot
is well to read carefully the paragraphs of heat transfer methods.

conduction,
cold. It

Paragraphs 1-50, 51, 52, and 53

The gas laws frequently referred to in refrig ion work are Boyle's Law,
Charle's Law, Gas Law, and Dalton's Law. Careful stu e problems afd solutions
in the above paragraphs is important to understanding these processes.

SUMMARY .

Refrigeration, the transfer of heat from a place where it is not wanted, is almost
as old as history. The growth.of mechanical refrigeration in the past few years has
been greater than all the previous years combined.

Heat is a form of energy. It affects all substances around us, causing them to be
in one of three physical states, depending on temperature: solid, liquid, or gas. Heat
in the summertime is uncomfortable where people gather. Heat causes food to spoil
and medicine to deteriorate. ) ’

Heat flows from hot to cold by three methods; conduction, convection, and radiation.

Its intensity is measured in degrees of temperature, while its quantity is measured in
Btus.
-
A refrigeration system depends directly on a difference in pressure for its basic
principle of operation. Pressure affects the boiling point of a liquid refri and
the condensing point of a gas.

A compression refrigeration system has four major compénent parts: compressor,
condenser, refrigerant control, and evaporator. The fluid circulated inBide the system
is called the refrigerant. It is this fluid that carries the heat in the refrigeration cycle.

u

References:

Textbook; Modern Refrigeration and Air Conditioning. Althouse, Turnquist, and
Bracciano
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’ HEAT LOAD ESTIMATION ’

STUDY ASSIGNMENT: Modern Refrigeration and Air Conditioning, paragraphs 16-1
through 16-30 , 1

STUDY NOTES .

Paragraph 16-1

The first step in figuring the size of a refrigeration machine is to calculate the
amount of heat the evaporator and condensing unit must remove. Using this informa-
tion you can make a selection from the manufacturer's literature to suit your neeq.

Paragraph 16-2, 3 ‘
You have previously learned that heat travels by conduction, convection, and
radiation, or a combination of these methods. In this unit, you will learn how these
methods affect the refrigerating load. You must understand the basic principle of
heat conduction and the various ways that have been developed to figure the amount

of heat that flows through the walls of a container. :

Paragraphs 16-4, 5, 6, and 7

You should readily understand that the air that finds its way into the cabinet must
be cooled. Heat from light, motors, and product must be removed. All the sources
of heat except heat leakage are added together and are called the service or heat usage

load. !
Paragraphs b&), and 10 .

The instructions for balancing the heat removing capacities of the evaporator and
condensing unit are very important. Read this material several times! From it you
can see why a system designed for use in high temperature cabinets will not work in

low temperature applications.

B

Paragraphs 16-13, 14, 15, and 16

'
1

Evaporator capacity must match the condensing unit capacity. They must be
installed correctly to insure that this capacity is not decreased.

Paragraphs 16-17, 18, 19, 20, 21, 22, 23, and 24

* The calculations of evaporator area instruction applies to coils designed to cool
air. You should do the arithmetic for each.

P?._ragraph 16-25

Forced convection evaporators use motor-driven fans or blowers. Their heat
removing capacity varies greatly. You should always consult the manufacturer's

specifications when installing or replacing a unit. @
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Paragraph 16-26, 27, 28, and 29 \ .

Because the heat transfer re;.te of a liquid is very high, liquid or beverage coolers o
are usually very compact. The heat usage of ice cream is quite low because of the

* previous freezing of ice cream.

Paragraph 16-30

If a condensing unit is too small, it will run all the time with poor refrigeration
effect. If it is too large, it will be uneconommal and may short cycle.

I's

SUPPLEMENTARY INFORMATION
HEAT LOAD ESTIMATION .
Equipment Sizing

On large refrigeration installation, a great deal of complicated calculations are
necessary to determine the correct type and size of equipment. This problem is
handled by the refrigeration engineer. 1t is not our objective to teach you to be engineers.
However, you do need to know enough about thé’ procedures and terms used to be able T
to talk with the engineer concerning size, type, and application of equipment.

The heat load and temperature range must be considered when selecting refrigera-
tion equipment. A one ton unit cannot handle a five-ton load Neither will a unit rated
to handle one ton at 32°F be able to handle that load at 0°F.

'‘CALCULATIONS. To calculate the total heat load, we will use a walk-in box as
an example. The followmg heat sources must be considered

Wall heat gain

Air content load . .

Product load P

Miscellaneous (heat from lights, motors, etc)

To reduce the chance of error, each heat source should be calculated separately
and then added together to get the total heat load.

Load Estimate Sheet. The first step in selecting refrigeration equipment is to get
the following design information a.nd make up a problem sheet. ‘

Reference Tables. These tables are included in this book (pages 84 through 92).
They list ambient temperature conditions, as well as product storage information, used
in heat load estimating.

Outside Ambient Tempcrature. The weather burean has published charts giving -
the design ambient temperature for most cities of the United States. A partial list of
these cities is listed in Table 1.

Outs1de Dimensions. ~ Use a Steel tape to measure tt}/e'}xne\
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Insulation. Check the type and thickress of the insulation. Get the overall wall
thickness, If the wall covering is metal, then the overall thickness and insulation

thickness are the same, If the wall covering is wood, then subtract two inches from
the overall Wwall thickness for the insulation thickness, -

Product Load. The amount of product to be placed in the box and its enter'irig
temperature should be known. " You must also know whether the product is to be frozen
and removed every 24 hcurs or stored for short or long times. This information is
needed to calculate the amount of heat the product will give off in 24 hours.

Miscellaneous Load. This includes electric lights, motors, and people. When
making your list of miscellaneous items make sure to get the correct horsepower of
the motors, the number of lights, their wattage and burning time, the number of people
and the length of time they spend in the refrigerated space.

Inf igure 85, a load estimate form is filled in using this proble‘m and the following
steps. ,

Sixteen hundred and fifty pounds of lettuce a.rrlved at Sheppard ALI' Force Base for
short time storage. The lettuce arrived in a refrigerated truck at 55°F. There is a
100-watt bulb that burns two hours per day. A 1/8-horsepower evaporator fan motor
runs continuously. The relative humidity is 50 percent.

Step 1. Fill in the "application" blank. The product to be stored is lettuce

Step 2. For outside ambient temperab.xre go to Table 1 and look for Texas.
Select the. city nearest Wichita Falls, Get the dry bulb temperature of 10Q°F.

Step 3. Go to Table 2. Find lettuce in the product column. Go across to get
the short storage temperature for the room temperature blank which is 450F. -

Step 4. To get temperature d1fference subtract the room temperature from the
outside ambient temperature.. The TD is 55°F. ,

Step 5. Place the room dimensions in their proper places. L =8 f?a‘é‘t,/wr= 6 feet,
and H = 8 feet.

Step 6. Write in the insulatien type, which is Fiberglas three-inches thick:
Step 7.  The overall wall thickness is three inches.
Step 8. , Amount of Product--1650 pounds of lettuce entering at 55°F,

Step 9. Fill in the miscellanecus loads--number of people, none; total watfage
of lights, 100 burning two hours; motor size, 1/8 horsepower operating 24 hours.
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. Step 10. Determine the number of square feet of surface area by using this _ .
formula: Area = ?_?_g-square feet, ' '

LXW=? 8 X6 =48 h
LXH-=7? 8X8=64 -
HXW=2 _ . 6X8=48
Total = ? Total = 160
X2 X 2
? 320 square feet

Step 11. Determine the number of cubic feet of inside volume by using this formula:
L X WX H = Cubic Feet. If outside dimensions are used then double the wall thickness
and subtract it from each dimension, then multiply one dimension times the other. The
overall wall thickness is three inches. Three inches times two = six inches.

L = 8 feet - 6 inches = 7.5 feet 1.5 feet
5.5 feet y
W = 6 feet - 6 inches - 5.5 feet Ky -
' 375
H = 8 feet - 6 inches = 7.5 feet ;.25 '
. 7

20625 °
28875

309375

/ 5

-

The decimal is pointsd out in the final number + 309, 375

If the first number to the right of the decimal is five or greater, then increase the
first number to the left of the decimal by one and drop the fraction, If the first number
to the right of the decimal is less than five, drop the fraction without any increase.
Volume = 309 cubic feet - R

Step 12. ® To get the wall load write in the area from step 10. Now goTto Table 3. 5’3«

Look in the insulation thickness column for three inches. Go across to the:temperature
" difference of 55°F from step 5 and get 132, Multiply 132 times 320 to get the total
24-hour heat load of 42240 Btu. .

Step 13. Air Chan%e Load. Write in the volume from step 11, Since the room |
temperature is above 32°F use Table 4B. Look under Volume Cubic Feet for the num- ;
ber nearest your volume mumber. Go to its left and get the air changes of 34.5. Use }
Table 5 for Heat Removal. In Refrigerated Space Temperature column get the Box |
Temperature of 45°F froin step 3, Ambient Temperature of 100°F from step 2, Relative |
Humidity of 50 percent from the problem. Go across from 45°F to 100°F. Come down
the column under 50 percent to 2.47. Now multiply 309 X 34.5 X 2. 47 for the total
refrigeration load of 26331 Btu for 24 hours,
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Step 14. Product Load. Enter the weight of the product. Subtract the box temper-
ature from the product's entering temperature. Get the Specific Heat from Table 2.
Multiply 1650 X 10 X . 96 for the total load of 15840 Btu for 24 hours.

Step 15. Heat of Respiration Load. Write in the weight of the product. Get the
Heat of Respiration from Table 2 for lettuce. Multiply 1650 X 3. 69 for the total load of
6089 Btu per 24 hours. . N

Step 16. Miscellaneous Loads. Multiply the total wattage of 100 times the burning
times of two hours times 3. 42, the number of Btu one watt puts out in one hour, This
gives a total load of 684 Btu for 24 hours. To get the motor load, multiply the motor
horsepower of 1/8 times 4250, the amount of Btu a one horsepower motor will put out
in one hour (as used in the school) times 24 hours of operating itme. This gives a
total of 12750 Btu per 24 hours.

Step 17. To get the total refrigeration load add all 24 hour totals, Get 10 percent
of the total load, 10393, and add it to the total load to get 114327 Btu per 24 hours of
operation. -
Step 18. Required Hourly Capacity. Since a condensing unit will operate 16 hours
out of 24 when the box temperature is above 32°F, and operate 18 hours when the box
temperature is below 320F, then the required hourly capacity may be found by dividing
16 into 114327 for 7145 Btu hour removal. ) : :

The same steps may be used to work a heat load problem on a box with a tempera-
ture below 32°F with two exceptions.

Use the quick freeze temperature of a product when it is to be frozen and moved
out within 24 hours.

To find temperature reduction to freezing, subtract the product’s freez
from its entering temperature. ’ ) ’ i

To find temperature reduction below freezing subtract the quick freeze temperature
of the product from the product’s freezing temperature.

The information that has been given to you will familiarize you with the necessity
of .accurately sizing and selecting the type of unit to be used. Many quick reference
charts have been deyised and are available to the serviceman, however they should not
be used as the sole Yeference for sizing refrigeration equipment but rather as an aid -
in determining at a glance if a unit were extremely undersized or oversized. It could
also be used as an estimate for anticipating unit costs.

Sizing Evaporators and Condensing Units. After completing the load estimate form,
the next step is to select an evaporator and condensing unit for the system. The evap-
orator .is usually selected from manufacturer’s charts, using temperature difference,
temperature rang, and hourly heat load. The condensing unit is,selected from manu- ~
facturer’s charts ising hourly heat load and suction temperature.
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. (FOR ROOMS ABOVE 32°F)

~

DESIGN INFORMATION

Application: “ Room Dimensions Outside Insulation
Outside Ambient Temperature: /00 °F Length(L) & tt  Type £/b

Room Temperature: T 45 OF Width (W) ft . .
Temperature Difference(TD) &5 OF Height(H) 8 ft Thickness 3  in

Overall Wall Thickness:

Miscellaneous Loads

Number of People 4/ v

Product Load:
Lefuce Electrical watts /00 4/- 2/ra.
L6S0 Lounds alt §5°F Other: _Afofor YR hP — Z4 hrs.

' SOLUTION

Qutside Room Surface Area (A)

Room Dimension Inside

Front_ (4 Bottom 48 Length 7.5 ft
Back 44 L. End 48 Width &5 5 ft
Top 48 R. End 48 Hexght 75 ft

Total %20 sgf L

= (Calculate on separate sheet)

V 309.375 cu ft =

I WALL LOAD

(a) Area _B20 sqft ;v
(b) Wall heat gain factor /32 Btu/sq ft/24 hrs .
(c) Totalload . . . . . . Y2 240 Btu/24 hrs
I AIR CHANGE LOAD .
- (a) Volume 209 cu ft
(b} Air changes - 344,65  per 24 hrs
{c) Heat removal 2. K7 Btu/cu.ft P
{d) ‘Total toad . . 26,33)  Btu/24 hrs
Il  PRODUCT LOAD - ' -
1. * Temperature reduction load . .
() Weight of product /650 lbs
(t) Temperature reduction /0 °F 7
(c). Specific heat 9% Btu/1bF '
) woad .. .. L. L L, /5, 840 Bta/24 hrs
.2 Heat of respiration load
(a)” Weight of product ‘. SB50  lbs
(b) Heat of respiration 3.469 Btu lb
(¢ Load . . . . . .. ., >, .., LO8Y  Bt/24 hirs
IV MISCELLANEQUS LOADS —
(a) 'People’ sont - X & — X = Btu/24 hrs
(b) Watts /OO X F.4Z X 2hrs, = &84 Btu/24 hrs
(c} om r . Y8hp X 42650 X _24kbrs, = , 2,750 Btu/24 hrs

V  TOTAL REFRIGERATION LOAD *° .. -

Vi SAF"ET’;' FACTOR (10% of totaf refrigeration load)
VI TOTAL REFRIGERATION LOAD WITH SAFETY FACTOR
VIl  REQUIRED HOURLY CAPACITY ~ - /4 327

Figure 85, ULoad Estumate forn).

4

-

y - 1

(03934 Btu/24 hrs
(0, 397 Btu/24 hrs

/4327 Bt/24 hrs .
X 1/16 hrs _Z_[ib;Btu/hrs

35
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Whenever the temperamre of an evaporator is lowered its capacity will increase
because it will remove more Btu. Any increase or decreasge of the temperature differs
ence between the evaporator and refrigerited space would cause an increase or decrease
in box humidity. If the temperature difference is too large, the evdporator will remove
too much moisture from the air causing food dehydration. I the temperature difference
is too little, it will not remove enough moeisture, causing sliming and molding of food.
Care should be taken to properly size the evaporator to be sure of efficient operation.

The condens ing unit capacity depenis upon suétion temperature, types of condensing
units and temperature ranges, When the suction temperature decreases, the efficiency
of the compressor decreaseg because the amount of refrigerant available to the compres-
sor is not as much as it was whepn the suction temperat:ure was high. .

Select an evaporator and condensmg umt using the followmg procedure. Select
‘the evaporator {irst. Use the heat load priﬁlem on lettuce.

Step 1. Use Table 3 to get the box temperature for the product in the column upder
the heading, '"Cooler Temperatures ' Use ‘he lowest temperature. Mixed vegetables
and fruits will be the product. .

Step 2. From the same table get the .emperature difference in the fourth column.

. Step 3. Get the hourly heat load\irom the load estimate form. In cases where this
information 1S not given but the 24-hour heat load is given, divide this heat load by the
cordensmngAnit running time. This gives the hourly hé&at load. This number will be
used as a reference number to locate the Btu rating, Write this number in the blank

provided. "

Step 4. Go to Table 9. Look under temperature difference from step 2 and get the
Btu rating. This number 1S nearest tut larger than the reference number in step 1.

Step 5. The model number is found in Table 9 to the left of the Bttr rating.
The condensing unit must now be selected. Use an air-cooled unit. '
. & .

Step 1'@ Get the evaporator suction temperature from Table 8.

Step 2. Use Table 10 to locate the Btu rating. Look under the heading, "Evapora-
tor Sucton Temperature” and setect a number that is nearest but greater than the
reference number.

Step 3." The model rmmber', compressor motor horsepower and refrigerant will be
located on the same chart to the left of the B rating. ’

i

.
' J
. t
/ .
- * .

’
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This contains the information from the preceding steps. - . : ﬁ
Evaporators . : o‘ Condensing Units h
Bpx‘temperamre - HA5 o [ Evapo;'ator suction temp | FT5 ,
Temperature difference /OPF  Bturating GG 76 -3/ 50 .
- Reference number . y 72778 Model number - "p”
Btu rating 5’627*0 Compressc.Jr motor hp 3/4
Model mumber s /3, 0r 20  Refrigerant used /2

Use the preceding procedure to work the following problem. Use Table 11 for the
water-cooled condensing unit.

This walk-in is utilized to store frozen meats. The total heat load is 143, 000 Btu
per 24 hours, Select a condensing unit that uses water as a cooling medium, If
Table 11 does fiot have the evaporator suction temperature as listed in Table 8, use

the next lower evaporator suction temperature, v,
Evaporator Condensing Unit .

" Box Temperature —-5° 7/¢ 75 9% Evaporator suction temp —/5 24, -5 -
Temperature difference /0°f - Btu rating _B3e2s5-/ /R0 -
Reference mumber T 4444 Model mumber > '/9/” -
Btu rating BE 0O Compressor motor hp . Zhp
Model number 44 /3, Or Z6 Refrigerant used /Z

-
A+
. 76
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- SUMMER TEMPERATURE
, Dry . Dry
State City Bulb °F State City Bulb®F
Alabama Birmingham 95 Mississippi Vicksburg g5 -
) Mobile 95 Missouri Kansas City - 1607
Arizona Phoenix 105 St Louis -~ 95
'Tucson 105 Montana Billings - 80
Arkansas Fort Smith 95 2 95
Little Rock 95 Nebraska coln - 95
California Bakersfield 105 . 95
; Fresno 105 Nevada 95
¢ Los Angeles 90 New Hamps Concord . 90
San Francisco 85 New Jers Atlantic City’ 95
Colorado Denver 95 Newark 95
Connecticut Hartford 93 . : Trenton 95
. New Haven 95 New Mexico Albuquerque 95
Dela&tare Dover 93 Santa Fe , 90
> Wilmington 95 New York Albany 93
District of Washington 95 Buffalo 93
Columbia New York 95
Florida Jacksonville 95 North Carolina Asheville 93
Key West 98 . Charlotte 95
Miam1 91 Raleigh . 95
Tampa © 95 North Dakota Bismarck 95
Georgia Atlanta 95 Ohio Cincinnati 95
’ Savannah 95 Cleveland . 95
Idaho Boise 95 Oklahoma Oklahoma City 101 -
Nlinois Chicago 95 Tulsa 101
Peoria 96 Oregon Portland %0
Lo Springfield 98 Pennsylvania Erie 93
Indiana Evansville 95 Pittsburgh 95
Fort Wayne -. 95 Rhode Island Providence ~ 93
Indianapolis 95 South Carolina Charleston 95
Terre Haute 95 . Greenville 95
lowa Des Moines 95 South Dakota Huron 95
Sioux City 95 Rapid City 95
Kansas Dodge City 95 Tennessee ’ Knoxville 95
Topeka 100 - Memphis 95
Wichita 100 Texas Corpus Ghristi 95
Kentucky Louisville 95 ’ Dallas 100
Louisiana New Orleans 95 Utah @ Salt Lake City 95
Shreveport 100 Vermont -, Burlington 90:
Maine Eastport 50 Virginia Norfolk 95
Portland 90 Washington Seattle 85
Maryland , Baltimore 95 Spokane 93
Massachusetts  Boston 92 West Virginia Charleston 95
Springfield 93 Wisconsin Green Bay 95
Michigan Detroit 95 | Madison 95
Grand Rapids 95 Milwaukee 95
( Lansing 95 Wyoming Cheyenne 95
Minnesota Duluth 93
’ Minneapolis 95 p

Table. 1,




PRODUCTION STORAGE INFORMATION

I . Quick’ Short . Specific Heat
Freezing | Freezing | Storage | Latent®| Heatof Above _ Bee19v/
Point " Temp Temp Heat Respiration | Freezing | Free€zing
Apples ‘ 28.4 -15 38 121 0.72 0. 86 ©0.45
Asparagus 29.8 -30 40 134.0 5.15 0,94 0.48
Beans, Green .29.17. 40 128 3.31 - 0.91 0.137
Beans, Dried 28 50 18 .30 4 o.24
Beef, Fresh 28 -15 38 19 0.607 | 0.35
Blackberries 28.9 .15 | 42 122 0.88 \_ 0. 46
Butter 30.0 #5 " 40 15 0. 64 0.34
Cabbage 31.2 -30 45 132 0. 94 0.47
Carrots - - 29,6 -30 40, 126 |. 1.73 0.86 0.45
Celery 29,17 -30 45 135 2.21 0.95 - 0.48
Cheese, American | - 17.0 C+15 ] 39 19 |° 2.3¢° 0.54 0.3 ]
.Cherries 26.0 - 40 120 1.32 0.87 0.45.
@hocolate, Coating 15-25 40 . 0.3 0.55"
Carn, Green 28.9 45 108 4.1 0.80 0.43 -
Cranberries ¢ 27.3 , 40 124 0. 90 0.46°
Cream (40%) 28.0 T Al 40 90 0.85 0.40,
Eggs, Fresh .27.0 (\—10 A1 38 100 0.176 0.40
Fish, Iced : 30.0 -15 25 | 101 0.76 0.41
Fion, Dried ) 65 0.56 0.34
Grapes | 26,3 . 35 116 0.42 0.88 0.44
Ham, Fresh 27.0 36 81.7 : 0.68 0. 38,
Ice Cream 27.0 -20 0.. 96 > 0.178 0.45
Lemons : 28.1 55° 127 0.41 0. 92 9. 46
Lettuce 31.2 45 136 ~3.69 0. 96 0.48
| | Lobster, Boiled - | 36 105 0. 81 0.42
Table 2.
. e
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WALL HEAT GAIN CHART

Insulation :

Thieknecs Temperature Difference in °F (Ambient minu\ Storage Temp)
in Inches 1 {4045 |50 |55 |60 [65 |70 |75 {80 {85 |90 |95 | 100}-te54110 | 115120

3 2.4 |96 |108 120} 132] 144 | 156 | 168 | 180 192 | 204 | 216 | 228} 240} 252 | 264 | 276 | 288
4 .8 {172 | 81 | 90| 99| 108 {117 | 126 |135] 144 | 153 | 162 | 171 | 180 189 | 198 | 207 | 2161
s 1.44158 | 65 | 72| 79| 87| 941|101 |108}| 115|122 |130 |137] 144 1511159 {166 {173
6 1.2

48 | 54 | 60 66] 72| 78| 84 90| 96102 {108 {1141 120 ] 126 | 132 | 138 | 144

03|41 | 46 | 52| 57| 62| 67| 72| 77| 82| 88| 93| 98] 103 108 | 113 {118 |124
90| 36| 41 | 45| 50| 54 | 59| 63| 68| 72| 77| 81| 86| 90| 95| 99 |104 108

9 .80,1 321 36 | 40| 44| 48| 52| 56| 60| 64| 68| 727| 76| 80| 84| 88 | 92 96
.12{29] 32 | 36| 40| 43| 47 50| 54 58| 61{ 65| 68 72| 76| 79| 83| 86

ok
o
-

~
’

‘Table 3.
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AIR CHANGES FOR ROOMS BELOW 32°

24-Hour Volume 24.Hour Volume 24-Hour Volume
Air Changes Cu, Ft. Air Changes ~ Cu, Ft. Alr Changes Cu, Ft.
33.5 200 15.3 800 5.6 5, 000
29.0 © 250 13,5 1000 5.0 6, 000
26. 2 300 11,0 1500 4,3 8, 000
22.5 400 9.3 2000 3,8 10, 000
20,0 500 7.4 3000 3.0 15,000
18.0 - 600 6.3 4000 2.6 20, 000
[4
Table 4A.
AIR CHANGES FOR ROOMS ABOVE 32°
24 -Hour Volume 24-Hour Volume 24-Hour Volume
Air Changes Cu. Ft. Air Changes , Cu. Ft. Air Changes Cu. Ft.
44,0 ™~ 200 20.0 800 7.2 5,000
38.0 250 17.5 1000 6,5 6, 000
34.5 300 14,0 1500 5.5 ., 8,000
29,5 400 12.0 2000 4,9 10, 000
26,0 500 9.5 3000 3.9 15, 000
23.0 600 8.2 4000 3.5 20, 000
Table 4B.
!
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HEAT REMOVED IN REFRIGERATED $ACE

Ambient Temperature OF
Refrig 85 , 90 95 100
Space Relative Humidity % Cx_

Temp °F 50 80 50 60 50 60" 50 60

85 0.65 0.85 0.93 1,17 1,24 1.54 1,58 1,95

60 . 0.85 1.03 1,13 1.37 1.44 1,74 1.78  2.15

¥' 55 1,12 1.34  1.41 1,66 1,72 2,01 2.06 2.44
50 1.32 1,54 1,62 1.87 1,93 2,22 2,28  2.65
45 1.50 1.73. 1.80 2.06 2.12 . 2,42  2.47 2.85
40 1.69 1,92 2.00 2.26 2.31 2,62 2,67  3.06
35 1.86 2,09 2.17 2,43 2,49 2,79 2,85  3.24
30 2,00 2.24 2.26 2,53 2,64 2,94 2,95 3,35

Ambient Temperature op

Refrig 40 50 90 100
Space Relative Humidity %

Temp °F | 10 80 70 80 50 60 50 60
30 0.24 0.29 0.58 0.66 2,26 2,53 2,95 3,35
25 0.41 0.45 0.75 0.83 2,44 2,71 3,14 3,54
20 0.56 0.61 0.91, 0.99 2,62 2,90 3.33  3.73
15 0.71  0.75 1,06 1,14 2.80  3.07 3.51 3,92
10 0.85 0.89° 1.19 1.27 2,93 3,20 . 3.64 4,04
5 0.98 1.03 1.3¢ 1.42 3,12 3,40 3.84  4.27

0 .12 L17 1.48 1.56 3.28 ~<3.56 4.01 4,43
. -5 1.23 . 1.28 1,59 1.67 3.41 3.69 4.15 4,57
-10 . . 1.73  1.81  3.56 3.85 4.31 4,74
-15 1.85 1.92  3.67 3.96 4.42  4.86
Table 5.
. ‘81
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BTU/HR/HP
Motor Load Inside Loss Outside
Motor Hp . Refrigerator Refrigerator
1/8 to 1/2 4250 2545
1/2to 3 3700 2545
3to 20 2950 2545

Table 6.

Btu Given off by Electric Motors.

82
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EVAPORATOR SUCTION TEMPERATURE

. Model of .
Compressor Refrig Hp 20° 25° 30° 40° 50°

A-1 22 2 11,000 13,000 © 16,000 21,000 26,000
High A-2 12 2 15, 300 16,000 18,000 © 21,000 25,000
Temp A-3 22 3 22,000 24, 000 26, 000 32, 000 39,000
Units A-4 12 3 23,000 26,000 29,500 35, 500 41, 500

A-5 22 4 28, 000 33, 000 38,000 48,000 56, 000

A-8 12 4 30,000 33,000 36,000 43,000 52,000 |

A-T 22 5 41,000 46,000 51,000 62,000 72,000

)
EVAPORATOR SUCTION TEMPERATURE

Medium |, Model of o o . o
Temp Compressor Refrig Hp 0° 10 20 , 25
Units - - =

A-8 12 11/2 8, 500 10, 500 12,500 13, 0904

&
EVAPORATOR SUCTION TEMPERATURE -
Model of o o o
Compressor Refrig Hp -30° -30° -10 0 +10
xzp A-9 12 2 5, 000 17,000 9,000 12,000 16, 000
Units A-10 12 3 8,000 11,000 14,000 17, 000 22,000
) Table 1. '
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Temperatures for Refrigerators and. c‘oolers
) , Suction Pres Temp
Product >  Temperature Temp. Difference
Fresh Meats Cooler 34° to 38° 20°
Cases 38° to 42° 20° to 25° 12° to 15°
Frozen Meats -5° to +5° -15° to -5° ) 1})0
Butter & Eggs Storage Temp. 31° to 36° 15° 0150 ‘
Serving Temp. 50° to 60° 30° 15° to 20°
Vegetables o o 0, o o ¢
& Fruits 35Y to 45 25" to 30 10
Milk Water Cooling 36° to 38° 15° to 20° o o
Cooler Storage 36° to 40° 20° 157 to 207
Ice Cream -20° ‘ -30° 5%.to 10°
Beer 36° to 45° 20° 15°t0 20° | -

* Table 8.
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STANDARD UNIT COOLER

Btu per hour
Model 10° TD 15° TD
1 3, 500 5, 250
2 . 4,500 8,750
3 6, 500 9, 750
4 8, 500 12,1750
5 10, 500 15,1750
6 12,000 18, 000
1 18, 000 27,000
8 24, 000 36, 000

9 32, 000 48,000
WALL JET COOLER

Btu per hour
Model 10°-TD 15° D
10 3, 500 5, 250
11 4, 500 8,750
12 8, 500 9,750
13 8, 500 12,1750
14 10, 500 15,750
15 12, 000 18,000
16 - 18, 000 27, 000
17 24,000 30, 000

CEILING JET COOLER

Btu per hour
- Model 10° TD 15° TD
18 4, 500 6,750
19 6, 500 9,750
20 8, 500 12,1750
21 10, 500 15,750

Table 9, Evaporator Selection Charts.

" 85

23




Suction Temperature \
Unit Hp Refrig 20° / 950 30° 40° \
A 1/4 12 1,910 2,110 2,320 2,180
B . 1/3 12 " 2,250 2,520 2,780 3,325 ° | °
C 1/2 12 3,480 3,850 4, 320 5,400 '\.
D 3/4 12 5, 200 5, 960 8, 675 8,130 -
E 1 12 1,400 8, 200 9,100 11,000
Table 10. Air-Cooled Condensing Units.
. ’ |
. - Suction Temperature i
y T
Unit Hp Refrig  Btu/Hr -30° -20° T I 10°
F 1 12 Btu/Hr 3,000 4, 300 4 5,850 . 7,650 ‘,
G "~ 1-1/2 - 12 Bw/Hr | 3,970 5,400 7,160 9,330
H 2 12 Btu/Hr 5, 860 8, 325 11, 190 ‘14,800 [ 19,080 |
1 3 12 Btu/Hr 8, 450 11,620 15, 280 19, 780 25,000 |
Table 11. Water-Cooled Condensing Units. |
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SUMMARY . '

, This unit of instruction has presented information which will develop the knowledge
and skill necessary in calculating the size of any refrigeration machine, as to the

amount of heat the evaporator and condensing unit must remove and why the various
parts of a system must be a certain size,

The successful installation and future operation of refrigeration systems depends
on matching the capacity of the condensing unit and evaporator to the heat load. A
careful review of the material presented will prove invaluable in the future.

\
i REFERENCES g
Textbook; Modern Refrigeration and Air Conditioning, Althouse, Turnquist, and .
Bracciano, A )
.
3
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REFRIGERANTS ’ : N
STUDY ASSIGNMENT: Modern Refrigeration and Air Conditioning, paragraphs 9-1 .
through 9-23. ) ! ’
STUDY NOTES V ° o

Paragraphs 9-1, 2

Certain properties of refrigerants are more important than others. The character-
Q;g%l,cs of an idea;} refrigerant are covered in paragraph 9-1.
Refrxgeranon machines operate year in and year out without constant attention
from personnel. The refrlgerants ‘used should be outstanding in the following

Nontoxic

Nonpoisonous

Nonflammable or explosive

Low operating pressure, but not in a vacuum”’
Noncorrosive

Very stable -
. Low volumes per unit heat to keep machine sizes to a minimum ¥

-dg:m»hwm»—-

The tables on pagés 320 and 1061 are very informative giving the chemical name
and formulas of popular refrigerants and the properties of each.
R ’
Paragraph 9- 3 4 , .
Safety is all important in dealing with refrxgerants The National Refrigeration
Safety Code has divided the refrigerants into three groups. Group one refrigerants, ]
which are the safest are used most often. -

" You should practice reading the curves shown on figure‘9-2 They enable you to
find qulckly the pressure of a refrigerant if you know the temperature. Using the .
R-12 curve, . L

v

1. locate the pressure on tlle horizontal line or scale;
2. go vertically, until you come to the R~12 curve; . \
3. go horizontally to the left until you reach the temperature scale.

» ©

Paragraphs 9-5 through 15

These paragraph digcusg drious refrigerants and give information you must
know to properly maintain and 0Q systems. .

Paragraphs 9-17, 18 X

The refrigeration specialist should become very familiar with the R-number, the
refrigerant name, chemical formula, and boiling temperature of the most popular ’
refrigerants.

88,
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. . Paragraphs 9-19, through 23 . ] 14
| e Mén who study refrigerants of.ten ask the following questions:

1. .W‘nat should the high side pressure be? .
: 2. W?iz;t should the low side pressure be? ' : .

3. How much refrigerant should be in a system?

Cafeful study of the above paragraphs will answer these questions.’

Paragraphs 9-17 through 31 h .
7

Never change refrigerants'unless it is absolutely necessary. Each refrigerant
is different. Each machine is specifically designed for a specific refrigerant. It is
a good bet that no good will come from attempting to change or mix refrigerants.

Paragraphs 9-92
Always play it safe when working with refrigerants. Wear goggles at.all times
when charging or discharging systems.

o ‘ SU MMARYp

You already know a great deal about refrigerating machines and what a refrigerant
must do inside the machine. The story of refrigerants gives an interesting picture of
the development of refrigeration. derstanding the physical and chemical properties

., will aid you greatly # you give serious study to this subject.

PRESSURE-ENTHALPY DIAGRAM

STUDY ASSIGNMENT: Modern Refrigeration and Air Conditioning, paragraphs 16-31
through 16-51, . :

~

STUDY NOTES
Paragraphs 16-31 through 38 :

v Understanding the pressure-enthalpy diagram (pressure-heat) _will require careful
study. Two things you must remember about the P-E chart is that it is based on one
= pound of refrigerant, and each refrigerant has its own chart or diagram. N

,a

« - ¢

Paragraphs 16-42 through 48

The diagrams show the effects of various common refrigeration troubles., Under-
standing these effects will give you a much better explanation of certain refrigeration
problems. . . .

89
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Paragraphs 16-49, 50, and 51

The compressor is simply a pumper of heat-laden vapor. Each cubic inch of vapor
holds a number of Btu that was picked up by it in the evaporator. Mathe matical for-
mulas are the only way to find out how many cubic inches of vapor are pumped by the
compressor. Once you find out the inches pumped, you can,easily find how many Btu
are represented. -

There is always some refrigerant vapor left in the space between the top of the
piston and the cylinder head at the end of the compression stroke. This 8pace is termed
mechanical clearance/or volumetric clearance and must be as low as possible. Be care-
ful when servicing so as not to make any mistakes that may result in low efficiencies.

SUMMARY
A thorough knowledge of the <efrigeration cycle requires study of not 6nly the
individual processes that make up the cycle, but the relationship between the processes.

This is simplified by the use of charts and diagrams by which the cycle is shown
graphically. Through the use of these charts and diagrams, troubleshooting of refrig-
erating systems in a logical manner is possible. Careful study of the diagrams and
explanations presented are a valuable asget to the serious student of refrigeration,

REFERENCES

Textbook; Modern Refrigeration and Air Conditioning, Althouse, Turnquist, and
Bracciano .
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Department of Civil Engineering Training WB 3AZR54550-2-1-2-P1
Sheppard Air- Force Base, Texas 3 September 1974

" IDENTIFY ELECTRICAL UNITS, CONSTRUCT AND ANALYZE
CURRENT FLOW IN A CIRCUIT

OBJECTIVES: , -

Upon completion of this project you will be able to:

Construct an operative simple circuit using a dc power source, a protective device,

a switch. a lamp. and an ammeter

Analyze the current flow through the simple dc circuit while observing all
appiicable safetry precautions. Q

Standard of performance:

The standard of performance of this project is 100 percent completion,
errorfree.

EQUIPMENT
Basis of Issue
WB 3JAZR54550-2-1-2-P1 1 student
Pen or pencii 17 student

PROCEDURE




PART I

IDENTIFICATION OF UNITS ON THE TRAINER

/

]

Sl o A
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»
A Diagram of the Trainer
1.  Above is a diagram of the trainer to which you have-been assigned. Under

each unit on the diagram js a space provided to write the name of the unit. Identify
each unit by writing *rs nomenclature on the heavy black line.




2. Beside each of the following symbols, write its name.

S T1T1 T e
— ‘ b. «_s-®: | Name . ~

. + C) - Nﬁme

d. 4+ C - Name
d ’l
»»
}
i e. Name ’
g /

. /®/ Name

g- @ .Name

h. m Name

i. m Name

TN Name

k. | f\ Name

-
e ¢
J 3 //
- /
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3. Identify the circuits below as series or parallel circuits.. |

10 A 30 a 20
U O—0—0—
2av Ly L2 L3 -
A,
M
24| Y .24 .uC('D 80 zo,ﬁ')
5 -3 °
5 L, Ly Ly L
£ :




PARTII

CURRENT FLOW ANALYSIS AND CIRCUIT CONSTRUCTION

1. Before wiring any electrical circuit, a diagram of the circuit should be
drawn. The units to be included in the diagram are a circuit breaker, a SPST switch,
an ammeter, and a light. Draw lines on the following diagram to represent the wires
you will place on the trainer. ’

R S £

_. EF—o—£]
e

2. Have the instructor check your diagramsy,

‘CAUTION: Remove all jewelry.

3. Wire the circuits on the trainer assigned to you by the instructor./ Use your
diagram as a guide.

NOTE: Use the larger bulb.
4. Have the instructor check your wiring.

5. Turn the circuit breaker and the switch to the ON position.

! " a. How much current is in the circuit?

b. What meter is used to measure current?

c. What is_ the unit of measure for current?

d. What is current?

6. Turn the switch OFF.

7. Replace the bulb with a smaller bulb.

1z




Al 4
]

' - s Turntl;eswitchON. , - S | ’é

a. How much current is in the circuit? 4

b. Did current increase, decrease, or remain the same?

c. Why? \ / .

— R

- d. What determines the amount of current flow in the eircuit?

| Remove All Wires . ‘ ' s ”
| 9. The units to be included in the circuit are a circuit breaker, a rheostat, an

; ammeter, and a light. Draw lines on the following diagram to represent the wires yov
\

will place on the trainer.

£

10. Have the instructor check your diagram.
- 11; Wire the circuit on the trainer.
12. Have the instructor check your wiring. o _ . R
13. Turn the circuit breaker to the ON position. -
14. Turn the rheostat as far to the left as you can without turning the light off

a. How much current is in the circuit?

b. Does the light burn "bright” or "dim "
15. Turn the rheostat as far to the right as possible without turning the liéht off,

o

".Checked by

Ine‘ructor
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Department of Civil Engineering Training WB 3AZR54550-2-1-2-P2 ‘-
Sheppard Air Force Base, Texas

- MULTIMETER READING AND CIRCUIT CONSTRUCTION
OBJECTIVES: .
Upon completion-of this-project you will be able to:
Use multimeter to measure voltage and resistance of circuits.
Construct an operative series circuit.
Construct an operative parallel circuit. —

Determine the unknown electrical factors for each circuit by using Ohm's Law and
the characteristics of each type of circuit.

Standard of performance

The standard o{ performance of this project is 100 percent completion,

errorfree. .
EQUIPMENT
) Basis of Issue

WB 3AZR54550-2-1-2-P2 4 1/student
Trainer, Multimeter Reading s 1/12 students -
Trainer, Multimeter 1/12 students
Pen or pencil 1/student

PROCEDURE




PART I —
USING THE MULTIMETER AS A DC VOLTMETER

1. Draw, on the following meter faces, the indication needle in its proper
position. Then fill in the blanks below the meter faces to show the proper setting of
switch knob angd range jack for the meter indication given.

‘

( )
-
Q : 0O -
Joooy OHMS JERO ADJUST o-g:'s * 1000Y ONNS 2ERO AONUST oz
O @ pr O ' w pr
.V 400V s
9 4 ACY ‘9‘ Q Acv ’ ‘“Qn ) (‘
9 onus\ /3? O 9 onns\ /gi' 9.‘
9 40MA 9 40MA
O O (tv) e
w rx1 o X100 4aua my MO e
O O O O O O )
v \_‘ J "\_‘ i
Indicating 24 V dc Indicating 1.5 V dc
Switch Knob Switch Knob

Range Jack , Range Jack




2. In the diagrams below, different range jacks are listed below each meter

~ ] face. Write what the meter would. be indicating on each specific range in the blanks
" provided. : : ’
a L b. B

Range Jack Reading Range Jack Reading -
N 1000 V Volts 400 V - Volts
. —— 4
i’ 100,V Volts 0V Volts ‘
® 10V Volts 4V Volts
c d.
i 10 gg‘r 30
0 2% s . I;gaf
- =~ == - Range Jack Reading Range Jack Reading }
\
100 V Volts N 40V Volts «
- 4V Voldts . 100 V Volts ‘
i \
: 1000 V Volts 10V Volts
10V Volts . ) 4V Volts &
. W % ~
. 11




3. On the trainer assigned to you by the instructor, put the trainer cord plug in a
110v ac receptacle.

.3

4. Set the trainer switch to DC position.
NOTE: Red light should burn.
5. Set the multimeter to measure dc voltages.

6 Make and record voltage measurements between trainer terminals indicated
below. '

Trainer Terminals Voltage

1to2

2to 17

3to 6

4t0738

4tol7

5to 10

6to12

Py

v Tto 14

10 to 13

12 to 17

14to 16 : \
14 to 18 ' . \

15 to 17

“i6 to 17 . .

17t0 18

12 1




l
t
k
| .
‘r
i

Wy~ wli— ac

position

PART II

_ USING THE MULTIMETER AS AN AC VOLTMETER

-—

OnMg 2ER0 ADNST

L)

g

Onug oy

N\ w

O O 30 10O

g

O

-
«

(28] L334 RX100

o O O

.

10 {0 410

8
|
»

@

Indicating 110V AC
Switch Xnob

2

Range Jack

.13

1. " Draw, on the following meter faces, the indicating needle in its proper
n  Then fill in the blanks below the meter faces to show the proper setting of
switch knob and range jack for-the meter indication given.

g

OrisS IERC ACUUST

ACY

"EINAW

O 10 10 10

g

O

3
<

Xl X110 100

O O O

Indicating 220V AC
Switch Knob

Range Jack




, S ¢ [ >

A

’

2. In the diagrams below, different range jacks are listed below each meter
face. Write what the meter would be indicating on each specific range in the blanks
provided.

« L4

0
’s 'Ooc

Range Reading ] Range Reading

100V ._Volts 4V Volts
40V Volts 100V Yalts

10V Volts 400 V Voits

1000 vV Volts , . 1000 V Volts

3. Set the trainer switch to AC position.
NOTE: Red light does not burn. N
4. Set the multimeter to measure ac voltages.

5. Make and record voltage measurements between trainer terminals indicated
below. N

Yoltages

Trainer Terminals,

2 to'17

4 to 17 \ , . ;
1to2 \ . ] ’

Jtob

5 to 10 . . ‘ . - ’ .

6tol2

7to 14 . \

14 g J




- / 10t01:; e “’W’

/ -«

12 to 117

14.to 16 |

14 to 18

15to0 17

16 to 17 ' ,

17to 18

6. Unplug the trainer.

y
1




PART I

USING THE MULTIMETER 4S AN OHMMETER

1. Draw, on the following meter faces, the dicating needle in its proper
position Then fill in the blanks below the meter{aces to show the proper setting of
switch knob and range jack for the meter indication given.

’

CnMS 2IRD AONIST

o \ ) 5’ 100MA o 10884

O O

r 0w 10v wma
‘ ' O O

) A “n

#4630
5#3§O

O &0
-
O {O

N\

80 30 80§

O :0 10 0

O
O

-~
-

] xX10 X100

N . A (
o O O O O O
. J \_____ J
Indicating 5 Ohms . indicating 2000 Ohms i
L 3
Switch Knob ‘ Switch Knob \
L] .
Range Jack ' " Range Jack \\V(
! |
’ ": !
N TR
\ ‘l A= \)

\d

J



2. _n the diagrams below, different range jacks are listed below each meter face.
Write what the meter would be indicating on each spgciﬁc range in the blanks provided

b »w 20

Range Reading Range Reading

Rx1 Rx1
R x10 Rx10
R x 100 R x 100

3. Set the trainer switch to the OHMS position.'
4. Set the multimeter to measure resistance.

5 Make and record measurements between trainer terminals indicated below.

Trainer Terminals " Resistance

1to3 .

1tod

1toll

C T 2t010

2 to 12

3 to 13 )

4 to 10 ) , ’

Stoll

Stol3

§7t09

8tol6

91to0 17

17




[y S 4

10 to 12
11to 13 / ]
16 to 18 'i
i »
!
e
|
r;:
7
; /
¢ /'/
/
/
/
./; .
Y ’i/
, /
f




PART IV
CHECKING UNITS WITH AN OEMMETER
In the diagram below, write what the meter indication ( ©0 for no path I flow,

0 for path for Iflow, O+ for path for I {low with some R in it) would be if the units were
good.

a. ‘ b. c.

Reading Reading Reading
d e. f
ON
S
t
» /
Reading Reading__ Reading
—
& L]
g. : h. i.
Reading Reading ., Reading N
& i

i9




Reading

Reading -

20

. S

Reading

oS



PARTV
CONSTRUCTING A SERIES CIRCUIT
CAUTIONS /
Remove jewelry.
Turn electrical power OFF before wiring circuits or removing units.
Be sure of correct multimeter setting before makmg measurements
1. In the space below, the units to be mcluded in the series circuit are a

circuit breaker, an SPST switch, an ammeter, 2nd two lamps. Use lines to
represent the wires you will place on the trainer.

3. Wire the circuit on the trainer using your diagram as a guide.

4. Have the instructor check your circuit.

NOTE: Circuit ammeter will be used to measure current. A multimeter will

be used to measure voltage drops ami applied voltage. Ohm's law will be used

~ to determine resistance. ,
|
|
1
|
|
1
|
|
|
|
4
|
l

5. Turn the switch ON and complete the following for the circuit.

LAMP 1 LAMP 2 TOTAL

21




6. In the diagram below, use lines to represent how the fixed resistor would be
wired in series to your circuit.

+ X _ £ CaAVAVAVEE

_. F—O—=a

7. Have the instructor check 3;our diagram.
8. Turn the switch ON and complete the following for the circuit.
LAMP 1 LAMP2 -  'RESISTOR TOTAL
E

/ , I

R

9. Remove the wires you placed on the trainer.
10. Complete the following statements. )

a. A series circuit is a circuit with path for current flow.

b. The sum of the voltage drops should equal the voltage
c. Current is the throughout a series circuit.
d. Total resxstance may be found in a series circuit by the

resistances_of all units.
e. As units of resgistance are added in a series circuit, will the current flow

- decrease, increase, or remain the same ?

f. As units of resistance are added in a series circuit, will the tofa.l

resistance decrease, increase, or remain the same ?

. 2]

22

157/ ]
!
|
|
|
|
|
|
|
)

o
|




11. Solve the following circuit problems.

a. Problem No. 1.

| . ’ 40N 200
) O o)
—\o— > ® © &
L L
24v ! 2
¥ N
Fill in the blanks below
LAMP 1 LAMP 2 TOTAL
E
1
R 40 20
' *b. Problem No. .2. »
on 00 200
. L L L
24V ] 2 3
4
Fill in the blanks below
LAMP 1 LAMP 2 LAMP 3 TOTAL
E
I
~_J R 10 30 20
'S
23
17,

192




¢. Problem No. 3.

- .2A %
‘—r—f\j——A_@._—_/\/\/\/.__@__‘
28y E
*.
Fill in the blanks below. .
LAMP RESISTOR TOTAL . :
E ’ 16 . .
I 2A ¢
R ‘. . - ¥ :‘""’ -~ g
d. Problem No. 4.
. - ‘ 16V sy
OO W
28V 4 A [N i I..z
¥
Fill in the blanks below.
" LAMP1 LAMP 2 RESISTOR TOTAL

L5
3 " “ s
.

24 ;-




1.

an SPT Swﬁch an ammeter to indicate total curreat flow, and two lamps in parallel.
Use lines to represent the wires you will place on the trainer.

O

~ ERIC -

P A 17 providea by exic

|

|

CAUTIONS . ' J
' |

|

|

|

\

|

PART VI
CONSTRUCTING A PARALLEL CIRCUIT ' o0

Remove jewelry. .

Turn power OFF before wiring circuits or before removing and adding
circuit components.
I
" \
Be sure of correct multimeter setting before making measurements.

In the space below, the units to be included in the circuit are a circuit breaker, ‘f

Have tl;e instructor check y‘our diagram. .
Wire the circuit on the trainer using your diagram as a guide.

Have the instructor check your circuit.

NOTE: Circuit ammeter will be used to measure current. A multimeter will

be used to measure voltage drops and applied voltage. Ohm's law will be used
to determme resistance. '

El e
’

Turn the switch ON and complete the following for the circuit. " ‘ . ‘o
» . ]
LAMP 1 LAMP 2 TOTAL . . ' “-
. /' ) ‘ /i\‘- ‘.:.‘ "*,.’2."::" :h.’
, . . ' ? ‘g‘_"?r),’ ,ﬁ;;’r as ;«’s
25 "‘ ' ‘l" L] .' .;t T,‘;‘ ’ ",»"‘ ‘.; .
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6. In the diagram below, use lines to represent how a third light would be
wired in parallel to your circuit: -

¢ -

>

, _ B8
7. Have the instruc_tor’clzheck your dagram.

8. Turn the switch ON and complete the following for the circuit.

LAMP 1 LAMP 2 LAMP 3 - TOTAL
£ -
I ,
e ‘ é\
R : - ‘
8.  Remove the wires you place on the trainer. t

10. Complete the iollowing statements.

a. A parallel circuit is one with or more paths for current fiow.

b. The voltage drop of a unit in a parallel circuit should be equal to the -
voltage e ' N
f’:_; . c. Total current 1s the ‘ of the currents from each pai¥in a a
. parallel £ircuit. ’ . : ‘ ‘ N
d. When additional units are added in parallel 111 a circuit, will tﬁe total

resxstance mcrease decreas%, or remam the sa&(

-Q, . Y

. .

» . H s
v

R 1 = ' —%— : - T
e - L e When umts are added in parallel in.a c1rcu1t will the total current ) N ' 1

- .

mcreaSé decrease or remain the same ? : - - . o

- .
tia Ve ‘. Lo <. o
. : -
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11,
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Solve the following problems using Ohm's law.
a. Problem No. 1.
o —®
24\; ‘ 4on¢ son%) 300
*
. ~ b t2 ts
Fill in the blanks below.
LAMP 1 LAMP 2 ' LAMP 3 * TOTAL

E
1
R

b. Problem No. 2.

- N AA- - -
3 \_/ &
24v ] s %} ué so¢ 20
4 .
: Ly L, Ls

te
Fill int the blanks below.
LAMP 1 LAMP 2. LAMP 3 LAMP 4 * TOTAL
E <
1 i ’
R
. o " . )

— .
=




-%—.)
¢. Problem ﬁo. 3.
A (A -
s - ),
. . AA
24V son
Fill in the blanks below.
~ LAMP 1 LAMP 2 TOTAL
. .
1
- 5
B .
\ﬂ
g
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Department of Civil Engineering Training -

WB 3AZR4550-2-1-2-P3
Sheppard Air Force Base, Texas

CIRC UIT ANALYSIS
OBJECTIVES:

Upon completion of this project you will be able to:
Diagnose and locate opens and shorts in an electrical circuit.

Identify the operating characteristics of ac circuits containing capacitors and
inductors.

Standard of performance Y

The standard of performance of this project is 100 percent completion,
errorfree. - : :

EQUIPMENT
‘ , Basis of Issue
WB 3AZR54550-2-1-2-P3 1/student

Trainer;- DC Troubl eshootmé -, . . 1/2 students
Pen or pencil ‘ 1/student ..

PROCEDURE. ”

29
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i PARTI
] OPENS - ' ' -
& ' 1. Whenfa wire is broken 1;1 3: circuit, it is known as an__ circuit. ‘
2, Wh‘ is the indication oé an open circuit? ] ' <’ ‘
3. Meters that can be used‘ to locate open circuits are: . s ,__/J
. <
a. : ’ ‘
. b, . “ .
c. - . , )

Using a ?‘oltmeter to Locate Opens

-

4. Study the diagrams below and list the location ¢f the opens.. -

NOTE: Wires are identified by code, A-1, A-2, etc.

) 28v ov ov

Location : A

- Location

+ -’

. L . 1
‘ . * ~
) .




e

c.
ov
+ -A-l A- zéhs A a-e -8 M) ace
28V re-24 28V l 28V r2:3) zav#zav%zav#ov
/F\. L 4
i"\.a/ﬁ .
Location
5. Study the diagrams below and write the correct voltmeter readings by each
voltmeter on the circuits to indicate the location of the opens. (Use 28 volts.)
a. Location of open 1s switch. 7/
ra
.
1
’ b. Location of open is A-7 wire. -
4
s —' v
A-3  A-4  A-3 9 A-6 A-7
\\
N ©
P sl vf ;
e - - - /T
"

31 ’ /




c. Location of open is fuse.

d. Location of open is coil.

e. Location of open is motor.




~—

f. Location of open is Lj. )

e
i

v

RELLPQE

B
“r

Using the:®Ohmmeter to Locate Opens

6. '.‘Study the diagrams below and list the location of the opens.

) a.
+ A=-i % A-2 A-3 A-4 A-S J-S A~T A-8
33 A
@ @ o - 0 ]
C@n a n |z a n.
;g ¥4
o
nyo @ 2z o]
C)n_ n |3sa n n
s
_ i _ _<¢
Location
33
M 4]



A-4  A-5 )
—_— o o
n n n n ’

'

L.*_ A-i f\j a-2  A-3 S

in

N)o

@.A—G A-7
n

Location

~
A-1 - A-3 A-4 A

20 NN
+ —— A-2 LA -5  A-8 A-T
© n
n Jzon jzoN 20N Jeonjazon on

Location
Shorts
1. When a positive wire is grounded and causes current to be returned in
shortcuts to the source of power, it ‘is known as a . short.
2. A positive-to-positive short is called a_ short when
two independent circuits will operate from { switch.

3. A circuit that causes a fuse to blow or a circuit breaker to trip has a trouble

calleda short.

4 Meters that can be used to locate shorts aré\g

¢ ¢

a. - - . -

b. . ,




5. Always » a circuit before checking the circuit with
an ohmmeter. ‘

6. Study the diagram below. ¥rom the meter indicatign; the trouble is

i

i

7. Study the diagram below. From the meter fndications the trouble is a

short and its location is

OF

Y
&)
o ) :] ‘
Do
NORMAL READING

8. Study the diagram below. With your pencil, draw in a probable location of
.the short. o

4

A-4 ﬂ_ A-5
ng‘
\‘ Cd

A-7 S\ A-6

— &87_
v

A=l




9. Study the diagram below. With your pencil, draw in a i:robable location
of the short.

r
.

. : ¢
A-4 {0 )\
[

Trainer Use Y
INSTRUCTIONS:

Locate and diagnose the troubles caused by each of the trouble switches listed on
the fill-in chart below. .

s
Circuit Trouble Analysis

NOTE: On the trainer assigned to you, be sure all the trouble switches to your
left are OFF. Operate all circuits. No troubles should exist. Now you
are ready to troubleshoot. Begin by turning trouble swifch No. 1 ON.
Operate all circuits and determine the defective circuit. Fill in the blanks
below.

s
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BGY-YL”

TROUBLE
SWITCH

DEFECTIVE CIRCUIT
OR CIRCUITS
(List letter-of circuit, A-E)

TYPE OF
TROUBLE

2

LOCATION

10

Checked by

Instructor

(G




PART II . .
INSTRUCTIONS:
Fill in the blanks below.

AC Operating Characteristics -

e in an ac_circuit. /

Atage iz

1. A . causes inductive reac

2. causes current to lag ac circuit.

3. Draw the symbol for a coil.

4. Using a red pencil to represent voltage, and 2 blue pencil to represent current,
show the relationship of current and voltage in an inductive circuit.

5. What is the letter symbol for inductive reactance ?

8. What is the opposition offered by the inductor in the circuit shown called ? -
Yo .
4 a. Total opposition is ohms.
toov b. Resistance (measured) of the coil
< M
6) Haue CZD . is ohms.
6o N
7. A causes capacitive reactance in an ac circuit. )
[ %
8. causes current to lead voltage in an ac circuit.

9. Draw the symbol for a capacitor.

10. Using a red pencil to represent voltage, and a blue pencil to represent current,
show the relationship of current and voltage in a capacitive circuit.

11. What is the letter symbol for capacitive r&:«s?
.

38 - 135 -




v, \ [ S 7 B F/(p% .
s ¢ P , . > . , . > ~.: . \ .
12. What is the opposition offered by the capacitor in the circuit shown called? =~ | °
A 1] & by .
,; 4 & e “, . .. . \ » l, ’ .
’ . 4 - - 1 ‘ A %
o’ s . ., ~ «
» i Lt ) i ! . .o R . f e %
) a. ."Total opposition is___ .ohms.
¥ ‘ * v ' » '
N it - ) LRI
' b. Resistance (measured) of the -
] , -heater is CL ohms. ’
. v
- 3 , - N .
v 4 . 2 R} ' X - ! ] . ’ . -
. P < s 1 ‘
- . 7 ’ . € : . Lo © .
" .- 13., Whatis the currentflow in the "A" circuit shown below.
L. ) ¢ o . e e
' v ) PP ’ : B
: . , 100v", ioov

so 1

B - -
[ .

"A" CIRCUIT VB" CIRCUIT

14. Will the current flow in ""B" circuit (above) be less than, more than or equal
to the current flow in problem 13 ? . L.
i A ‘ ’ "~ \.
. o~ o '

ERI!

;o




‘equal to, the current flow in problem 157

£ .
15. The ammeter will indicate amps for the circuit shown below
at the left.
30V 30V

(o)
_/
\|
)
()
&/
\i
N

150 150

7" fbﬁ

&) W

16. Will the current flow in the circuit on the right be more than, less than, or °

‘c".’,‘

Checked by
’ ’ Instructor

-,

40
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g Department of Civil Engineering Training WB 3AZR54550~-2-1-2-P4
E Sheppard Air Force Base, Texas /

; READING MOTOR DATA PLATE, MOTOR CONSTRUCTION AND WIRING
OBJECTIVES:
Upon completion of this project yéJu will be able to:
Wire a 110-volt, single-phase circuit to a single-phase power source.
Wire a 220-volt, sméle-phase circuit to a single-phase power source.
Wire a 220-volt, three-phase circuit to a three-phase pow(er source.
Identify the ma)or components of single-phase and three-phas‘g motors.
Wire single-phase and three-phase motors according to data Slate requirements.
Read and correctly interpret the data on a motor data plate.
Standard of performance:

The standard of performance of this project is 100 percent completion errorfree.

EQUIPMENT
Basis of Issue
WB 3AZR54550-2-1-2-P4 1/student
Trainer, Component Wiring 1/12 students
Pen or pencil 1/student
PROCEDURE

41
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PART 1
4

READIN.G A MOTOR DATA PLATE

Using the data plate illustrated below, enter the information in the following
blank spaces to adequately identify motor installation and operation data.

1. Manufacturer's Name
2. Horsepower Rating
3. Temperature Rise - 50 cycles 60 cycles
4. RPM at full load - 50 cycles 60 cycles
5. Frequency
6. Number of phases
7. Voltages motor will operate on
8. Full load current on high voltage - 50 cycles
60 cycles
9. Frame Number and design/code /
‘. General Electric - Induction Motor
HP 2 Ph3 Cy 50 60
Volts 208/220/440 RPM 950 1145
Frame 184 , Hi Volt Amps 3.6 - 3.1
Type K . Low Volt Amps 7.2, 6.2
Design B Code L Rating 50°C -~ 4096
SF1. - SF 1.25

Motor Data Plate

17/




-

WIRING 1 8 B:IDUCTION MOTORS

thermostat to control the operation of the motor.

2. Connect the motor to rotate clockwise.

4. 'What size heater will be used for the motor ?

1. Using the data plate information and symbols available in the diagram below
connect the motor to the power supply using the across-the-line motor starter and

3. Use red pencil to draw load circuit and blue pencil to draw the control circuit.

(Use chart below to select heater size)

5. How many hot leads are needed to operate the motor ?

6. What size wire should be used?

Use wire size selection chart below.

7. The coil is connected in what circuit?

Heater Selection Chart

145

Heater F. L. Heater F. L. Heater
No. Amps No. Amps No.
1 .2- .8 6 3.5-3.9 11
2 .9-1.4 7 4.0- 4.6 12
3 1.5-2.0 8 4.7-5.5 13
4 2.1-2.17 9 5.6 -6.3 14
A 5 2.8-3.4 10 6.4-17.3 15
"¢
Wire Size Selection Chart
Maximum Current
Conductor Size ‘ Capacity (for Rubber
AWG Insulation

16 ’ / 6

’ 14 15

12 20

10 25

8 35
6 ' 50 v

" 4 70

' 2 90

. 43
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POWER SUPPLY A
208 YOLT 36 60 CY

=
]
|
| |
I
] 1
11

L L2 - L3 .
T T T T |
| NATURAL | |
| 8US |
. I [c5e] !
b o e e e — -
= == = o= o T s mm T s e v e e e e e e e e e e
| THERMOSTAT . | MOTOR STARTER N
| co——o
D—_o 1
qli T3 ol2 l
|
!
|
|

120¥
Loty g
(o} o 0T,
B
{
MOTOR DATA PLATE .
| SINGLE PHASE JNDUCTION MOTOR 1 2
CW LINE | CW LINE VOLTS 120
RPM 1725
CYCLE 60
O HP 1/3
AMPS 30 3 4
& @ CONT. DUTY

44 oot
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WIRING 3 # INDUCTION MOT@R

1. Using the information and symbols shown, connect the motor to the power
supply using the across-the-line motor starter and thermostat to control the operation
of the motor.

2. Use red pencil to draw load circuit and blue pencil to draw the control circuit.

3. What size heater will be used for the motor ?
(Use chart shown below.)

4. How many hot leads are needed to operate the motor ? Nz

5. The coil is connected in what circuit?

6. The direction of rotation can be changed by changing what terminal leads ?

Heater Selection Chart

Heater F. L. Eeater F. L. Heater F. L.
No Amps No. Amps No. Amps
1 .2- .8 6 3.5-3.9 11 7.4- 1.9
2 .9-1.4 7 4.0-4.6 12 8.0- 8.6
3 1.5-2.0 8 4.7-5.5 13 8.7- 9.3
4 2.1-2.1 9 5.6 - 6.3 14 9.4- 9.7
5 2.8-3.4 10 6.4-173 15 9.8-10.0

45
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POWER SUPPLY
SPST 208 VYOLT 38 60 CY

' Ly L2 L3
LS "853
N |
[{E |
| N |
LI 9 __ 9 __rY 4
[ THERMOSTAT | | WOTOR STARTER  —~ —~ " T T T T == 1
: 208VOLT | |
|
e R *: o oL oLy !
! ¥ !
| K '
| I | L .J_ .
| Iy —_ - COMM — :
| | .
: : : o2 ¢ Q o2 ITs ;
| | ,I 120V 208V {
| |
I |
| I
! || |
b e e 2 |
I T T2 |
| , |
I |
| |
! |
- e - o= —— Jd
. DATA PLATE (23
MOTOR THREE PHASE
VOLTAGE| 208 440 g;%l_-E 50/60
ANPS. LI 85 1425/1725
HP 1/4 ~ 4.4 6
WIRING 0 [
®
46 .
luy




PART I |
WIRING TO POWER SUPPLIES
INSTRUCTIONS:

Refer to the diagfam and listed procedures shown below as you wire the
electrical systems.

CAUTION: Be sure the trainer is disconnected from the electrical power supply.
All jewelry will be removed prior to starting this project. Rubber
mats will be placed around the trainer and will be used.

47
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1. Locate and remove cover from 3% motor starter.
2. Locate and remove cover from switching device.
3. Install 2 wires through conduit, between motor starter and switching device.

4. Strip one-fourth inch insulation from wire at motor starter and connect this
end to motor starter at power source above stationary contacts on line side.

5. Check thermostat terminals with an ohmmeter to determine what terminals
are closed op a rise in temperature.

6. Strip one-half inch of insulation from wires at thermE{stat and connect them to
the two terminals identified in step 5.

1. onnect second wire from thérmostat to right terminal of holding coil on
motor starter.

8. Check all new connections to ground with an ohmmeter to insure no grounchng
of circuits.

9. Check the control circuit of the three-phase motor starter with an ohmmeter
to insure it is complete and correct.

:10.  Locate and remove cover from single-phase motor starter.
11. Remove cover and SPST switch from switch box.
)
12. Install 2 wires in conduit between 18 motor starter and SPST SW.

13. Strip one-fourth insulation from wires on motor starter end and one-half inch
from SPST switch end.

14, Make connection for one wire on line side of motor starter for a power
source.

15. Connect opposite end of wire used in step 14 to top side of SPST SW.
16. Connect second wire tg"bottom side of SPST SW.
17. Reinstall switcl; and covex plate.

18 \\Qonnect opposite end of wire from bottom of SPST switch to right terminal of
holding coil.

19 Check all connections with an ohmmeter to insure no grounding of circuits.
20. Trzlce circuits with ohmmeter to insure their completion.

21. Have instructor check your wark. "

49




CAUTION: Do not plug trainers into the power supply until instructed to do so by
the instructor.

22. When directed by the instructor, plug in trainer and turn on power.
23. Check all circuits by energizing control circuits for operation of motors.

24. Check power supply in main power supply box (TPST SW) with voltmeter set in
the 400V ac range. Record readings in blanks provided below:

fuses 1 to 2 fuses 2to 3 fuses 1 to 3

25. Check power supply at line side of 38 motor starter using voltmeter on 400V
ac and record readings in blanks provided:

line 1 to 2 line 2 to 3 line;1 to 3

26. Check power supply at line side of 18 motor starter using voltmeter on 400V
ac and record readings in blanks provided: )

Fd

line1to2 L1 to N in main power box -

L2 to N in'main power box

L4

27. Turn off control circuits, main power, and unplug trainer.
28. Remove all wiring from the trainer that you have installed.

29. Replace tools to proper storage area and clean your area by placing wire in
scrap wire container, replacing rubber mat and sweeping your trainer area.

o
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PART II
SINGLE-PHASE MOTOR CONSTRUCTION AND INTERNAL WIRING

The illustratioris below are the major parts of a sinele-phase motor. In the

blank space provided, write the name of the appropriate component. -

A

s om g O W

Major Parts of a Single-Phase Motor
51
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‘ 2. Write the name of each major component where a letter appears. In the
spaces provided under each drawing, correctly identify the type of motor shown.

o0 =083A

3. The left diagram is the schematic of a

50-99)

motor.

4. The right diagram is the schematic of a

motor.

5. Majdi’ components of the (left) circuit are:
-
a.

b.

C.

d.

Major components of the (right) circuit are:

o

a. ‘ !

b.
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6. Complete the diagram below by numbering the motor windings and drawing in
the necessary connections for 220-volt operation.

955

RUNNIKRG STARTING
WIKDING NIRDING

S Ne N\

n

DO=L328

Single-Phase Motor Winding ‘

7 Complete the diagram below by numbering the motor windings and drawing i1n
the necessary connections for 110-volt operation.

RUNN NG STARTING
P - WiNOING wikDING

o/™\E \

— PRI |

Do0838

Single-Phase Motor Winding

8. Reverse direction of rotation of this motor compared to the motor above.
Connect for low voltage.

RUNNING START.NG
WINDING WINDING

A D I .

Single-Phase Motor Winding
33

SO=2819
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Three-Phase Motor Construction and Internal Wiring

!

1. Dlustrated below is a picture of a three-phase motor. Identify these parts by
writing the name of each part in the space provided.

A

M M O O W




2. Niétch the correct terms on the left with-the statements on the right by writing

the number in the space provided:.

1.
2.

wn

4

<

RN

Rotor
Endbells
Stator

Bearing

Shaft

Field Winding

Fan

~

)
e

R

o0 -28!

X

Supports the rotor, houses the bearings
and completes the {rame

Allow the rotor to turn smoothly
Moving part of this particular motor

That part.of the rotor that may be a
connection point for the load

Holds the field winding and core

That which develops a rotating magnetic
field '

Reduces and gliminates heat from around
the inside of the motor | /

3. Complete the schematic d:agrdm below by numbering the motor windings and
Jdrawing in the necessary connections and conductors for applying 440-volt power to the
motor for high-voltage operation. .

255t

G

440-Volt Circuit Diagram

55




4. Complete the schematic diagram below by numbering the motor windings and
‘ drawing in the neécessary connections a.nd conductors for applying 220-volt power.to the
| motor for low voltage. :
|

555«

I

| 000018

220-Volt Circuit Diagram
5. Complete the schematic diagram below by numbering the motor windings and

drawing in the necessary connections and conductors for applying 440-volt power to
the motor for high voltage. )

A |

A

e

R

-8
H

S0-030

440-Volt Circuit Diagram

56
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6. Complete the schematic diagram below by numbering the motor windings and
drawing in the pecessary connections and conductors for applying 220-volt power to the
motor for low voltage. . -

' ’i§i;%%\ Esed

AT

220-Volt Circuit Diagram [

7. Show connections for reversing the direction of rotation by numbering the
motor windings and drawing in the necessary connections for a wye connected high-
voltage system.

aH

v

&
K

%m\/s@v / =

955t

oo-ce .

l

5554

Lo

i

Forward or Reverse Diagrdms
57
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4 Department of Civil Engineering Training WB 3AZR54550-2-1-2-P5
Sheppard Air Force Base, Texas

TROUBLESHOOTING AC CIRCUITS
OBJECTIVES:

Upon complénon of this project you will be able to:

14

Use multimeter to troubleshoot the malfunctions of the 120-volt, single-phase
trainer. ’

Use multimeter to troubleshoot the malfunctions of the 220-volt, single-phase
trainer.

Use multimeter to troubleshoot the malfunctions of the 220-volt, three-phase
trainer.

-

Standard of performance

The standard of performance of this project is 100 percent completion errorfree.

EQUIPMENT

Basis of Issue
WB 3AZR54550-2-1-2-P5

. 1/student -
© Trainer, AC Troubleshooting 1/12 students
Pen or pencil '1/student

PROCEDURE
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TROUBLESHOOTING A 120-VOLT ELECTRICAL SYSTEM /\(
Analyzing Electrical Circuits Using a Diagram

PARTI -

The wires on the diagram below have been numbered 1 through 7. By each
numbered wire below, list the unit by letter that would be inoperative if that specific
wire were open. (Study the diagram carefully.) o

-

Wire — o
~  |Number ‘ INOPERATIVE UNITS
1
2 4.




sy

Determining Location of Troubles by Use of Meters

1. Note that the diagram you have been studying is also the dla.gram of the trainer
assigned to you by the instructor.

_NOTE: Use only the top half, 120-volt part, of the trainer.
9. Be sure that all control devices are in the OFF position.

3. Be sure that the trouble switches at the right end of the trainer are in the

- OFF position. ’
4. Connect the trainer to the wall receptacle.
5. Turn the switch box at the end of the trainer ON.
6. Turn the 120V switchbox ON.
7. Make an operational check of all the units. ,

NOTE: H ihere is a malfunction in the trainer, report it to the instructor.

8. Obtain a multimeter to be used in locating the trouble.

o 9. Start your troubleshooting by turning trouble sv“ntch No. 1 (on the right end
of the tramer) ON. } .
10. Operate all circuits to determine the defective circuit.
a. What is the type of trouble?
b. Where is it located?
c. What meter did you use to find its location? ‘
11. Turn No. 1 OFF. Turn No. 2 ON, Operate all circuits. Proceed with your
woubleshooting. Fill in the blanks on the opposite page.
TROUBLE Type of LOCATION METER
R SWITCH TROUBLE USED
¥
2
3 ' h
4 ) [ “”s\
5
6 .
\1

12. Turn all switches OFF and disconnect trainer from wall receptacle.

Checked by

Instructor

/
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PARTII "

TROUBLESHOOTING A 208-VOLT, SINGLE-PHASE ELECTRICAL §¥STEM '
Analyzing Electrical Circuits Using a Diagram -

The wires on the diagram bBelow have been numbered 1 through 12. By each

numbered wire in the spaces below, list the unit or units by letter that would be
inoperative if that specific wire were open. (Study the diagram carefully.)

WIRE .
NO ) INOPERATIVE UNITS

1 i .

10 P

11

- 12

62
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208-V, 60-Cycle, Single-Phase Circuit

r 1 fom !
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Determining Location of Troubles by Usé of Meters

1. Note that the diagram you have been studying is also the diagram of the
trainer assigned to you by the instructor.
NOTE: Use only the 208-V, single-phase part of the trainer
2. Be sure all control devices are in the OFF position. ’
3. Be sure all the trouble switches at the right end of the trainers are in the
OFF position. v
) 4. Connect the trainer to the w;ll cheptacle. ' . L
5. Tun the switch box at the end of the trainer ON.
6.  Turn the 208-V, single-phase, switchbox ON.
7. Make an operational check of@ll the units. ,
NOTE: If there is a malfunction in the tra.iner,‘report it to the instructor.
8. Obtain a multimeter to be used in locating the troubles. ’
9. Start 3;our troubleshooting by turning troiiﬁe switch No. 2 (on the right end
of the trainer) ON. - . 5% ,
10.  Operate all circuits to determirie the defective circuit. -

a. What is the type of trouble ?

b. Where is it located ?

¢. What meter did you use to find its location ?

225
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s

11. Turn No. 2 OFF. Turn No. 3 ON. Operate all circuits.

troubleshooting. Fill in the blanks below.

Proceed with your

TROUBLE TYPE OF

+ METER
- USED

/ | swiTcH TROUBLE LOCATION

1

2 . N

3.

10 N

11 e

12 .
I

Checked by

12. ‘Turn all switches OFF and disconnect trainer from wall receptacle.

65 ~~

Instructor

£




PART I . —
TROUBLESHOOTING A 208-VOLT, THREE-PHASE, EL:EC';‘RICAL SYSTEM
Analyzing Electrical Circ.:uits Using a Diagram and Meters
1. The':%gﬁires on the diagram below have been numbered 1 through 5. Beside each

wire number in the spaces below,qlist the unit by letter that would be inoperative if that
specijic wire were open. e

-

WIRE 44
NUMBER ' INOPERATIVE UNITS

1 e ‘

2 ~.

1
J

E

v
o

| S

r
!

[

}

|

|

I

|

]

L

-
iTJ
3
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2. Note that the diagram you have been studying is that of the trainer signed
to you by the instructor. )

3. Be sure all control devices are in the OFF position.

4- Be sure all trouble switches at the right end of the trainer are in the OFF
position.

5. Connect the trainer to the wall receptacle.
6. Turn the switchbox 3t the end of the trainer ON.

7. Turn the 208-V switchbox ON. (Only the bottom half of the trainer 208-V
part, is to be used.)

8. Make an operational check of all the units. I thereisa malfunction in the
trainer, report it to the instructor.

9. Obtain a multimeter to be used in locating the troubles.

10. Start your troubleshooting by turning trouble switch No. 7 {(on the right end
of the trainer) ON. Operat7/all circuits to determine the defective circuit.

a. What is the type of trouble?

b. Where is it located?

c. What meter did you use to find its location?

11. Turn switch No. 7 OFF. Turn switch No. 8 ON. Operate all circuits.

. Proceed with your troubleshooting. Fill in the blanks,

TROUBLE TYPES OF ~ METER

SWITCH TROUBLE LOCATION USED

8

9.

10

11

12 /

< /

12. Turn all switches OFF and djsconnect the trainer from the wall receptacle.

Checked by N
Instructor

61
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Department of Civil Engineering Training WB 3AZR54550-2-1-3-P1
Sheppard Air Force Base, Texas

, MAJOR COMPONENTS AND REFRIGERANT FLOW THROUGH A SYSTEM
OBJECTIVES:
Upon completion of this project you will be able to:
o Identify the major components of a refrigeration system.
Trace the refrigerant flow through the components of the refrigeration system.
Standard of performance:

The standard of performance of this project is 100 percent completion errorfree

EQUIPMENT
Basis of Issue
WB 3AZR54550-2-1-3-P1 1/student
Pen or pencil i 1/student
PRCCEDURE !
O 1. Use the schematic of the following refrigeration system to identify the *
© components and the functions of each.
3
5]
E’: COMPONENTS FUNCTION
A .
- a.
b.
e.
2. Using colored pencils provided by the instructor, color-code the refrigerant in
. the system as follows:
a. - Low-pressure liguid - dark blue
' b. Low-pressure gas - light blue .
. ¢. High-pressure liquid - dark red
d. High-pressure gas - light red
69
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Department of Civil Engineering Training WB 3AZR54550-2-1-3-P2
Sheppard Air Force Base, Texas o

CALCULATING HEAT LOADS AND EQUIPMENT SELECQTION
OBJECTIVES
Upon completion of this project you will be able to:
Caiculate the daily heat load of a w%lk~in cooler spplication.
Select the equpment required to handle the heat load.

\
!
l
|
|
Standard %i performance:
The :m_nd}l S performance of this project is 100 percent completion, errorfree

EQUIPMENT
Basis of Issue
| 'W3 3AZR54550-2-1-3-P2 1/student
| " Pen or pencil 1/student
| PRCCEDURE '
:
Load Estimation Inswructions. Use the load estimate form that follows to estimate the .

daily heat load of a problem given by the instructor.

71




(FOR ROOMS ABOVE 32°F)

DESIGN INFORMATION '
Application: Room Dimensions Outside Insulation

Outside Ambient Temperature: OF Length(L) ft Type

Room Temperature: oF Width(w) ft ’
Temperature Difference(TD) OF Height(H) ft —Thickness in
Overall Wall Thickness:

Product Load: Miscellaneous Loads

Number of People
Electrical watts

Other:
SOLUTION '
Outside Room Surface Area (A) Room Dimension Inside
Front Bottom Length ft
Back L. End ' Width ft
Top R. End . Height ft
Total V = (Calculate on separate sheet)

I WALL LOAD /
(a) Area sq ft
(b) Wall heat gain factor Btw'sq ft/24 hrs ’
Btw/24 hrs

(c) Total load .
I ~ AIR CHANGE LOAD
(a) Volume cu ft
(b) Air changes per 24 hrs
(c) Beat removal B'Ru/cu ft
(d) Total load . e e e e Btw/24 hrs
Il PRODUCT LOAD '
1. Temperature reduction load
- (a) Weight of product . * 1bs
(b) Temperature reduction ‘ op
(c) Specific heat Btw/1bOF
{d) Load. . . . . . .. Btuw/24 hrs
2. Beat of respiration load
(a) Weight of product lbs
(b) Heat of respiration Btw/ib
(¢} Load . . e e e Btuw/24 hrs
IV MISCELLANEOUS LOADS
(a) People X X = Btuw/24 hrs _
(b) Watts X X = Btuw/24 hrs
(c) Other Btw 24 hrs
V  .TOTAL REFRIGERATION LOAD '+ Btw/24 hrs
VI SAFETY FACTOR (10% of total refrigerafion load). ~Btu/24 hrs
VII TOTALI REFRIGERATION LOAD WITH SAFETY FACTOR Btu/24 hrs
VI REQUIRED HOURLY CAPACITY = X 1/16 hrs ‘Btw/hrs
72 !
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Equipment Selection X Z

Problem: This walk-in box is unilized to store milk. The total heat load is 104,996
Btu per 24 hours. Refer to the tables provided in the study guide.

-
Fill the following blanks with the necessary information to select the evaporator
and conaensing unit. }
Evaporator Condensing Unit
Box temperature Evaporator suction temperature "
Temperature diff erence Btu rating
»ia rating N Model number
-.,wdel aumoer . - Compressor motor horsepower
Reirigeraﬁt used
Troplem: Eggs will be stored ir this refrigerator. This total 24-hour heat load is
36,000 Bie. An air-cooied condensing unit should be used.
Evaporator Condensing Unit
BDox tem;e:amre ] Evaporator suction temperature
Temperature difference Btu rating
Btu rating Model number
Model number Compressor motor horsepower
Refrigerant used
N ot
o
p
13
©
. /

OO
R g
C.
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Department of Civil Engineering Training WB 3AZR54550-2-1-3-P3
Sheppard Air Force Base, Texas

PLOTTING THE REFRIGERATION CYCLE WITH THE
PRESSURE-ENTHALPY DIAGRAM

OBJECTIVES:

Upon completion of this project you will be able to:

Plot a representation of the refrigeration cycle on a pressure-enthalpy diagram.
Standard of performance ‘

The standard of performance of this project is 100 percent completion, errorfree.

EQUIPMENT )
Basis of Issue N
WB 3AZR54550<2-1-3-P3 1/student .
Pressure-Enthalpy charts léstudent
Pen or pencil © 1/student
PROCEDURE )

.

Instructions: Fill in the blanks below and plot a refrigeration cycle.

1. Identify the regions of the pressure-enthalpy chart below:

75




2. Identify the scales and lines on the pressure-enthalpy chart below:

a.

b.

3. Plot the refrigerating cycle of a system that is operating at the following
conditions:

13

Low side gauge pressure - 37 psig
Hjgh side gauge pressure - 185 psig
REFRIGERANT 12

NO SUBCOOLING OR SUPERHEATING
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Department of Civil Engineering Training WB 3AZR54550-2-1-3-P4
Sheppard Air Force Base, Texas .
- PLOTTING THE REFRIGERATION CYCLE AND CHECKING OPERATION AND
EFFICIENCY OF A SYSTEM USING THE PE DIAGRAM ‘
OBJECTIVES s
Upon complefion of this project you will be able to: \

&\ Plot the refrigeration cycle on the chart and determine the operating efficiency of

the cycle.

Standard of performance

\Jstandard of performance of this project is 100 percent completion errorfree. *

IPMENT />
\ad Basis of Issue
WB 3AZR54550-2-1-3-P4 1/student
Pressure-Enthalpy chart 1/student
Pen or pencil 1/student
PROCEDURE
\/ -

11
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N

Instructions: Plot the cycle of operation of each problem given below and fill in )
the blanks. !

1. Problem No. 1. The system is operating with a condensing pressure of 275
psig and an evaporator pressure of 70 psig. This is a 20-ton system which uses R-22
as a refrigerant. Find the following‘:

a. Compression ratio

b. Refrigeration effect

.. Refrigeration loss ~{ z&)

d. Heat of compression

e. Refrigerant circulated

- M@pression work
\/_\/J

8. Coefficient of performance

h. Compressor HP (theoretical)

i. Total brake HP ™ ’ ya
Q "
2. Problem No. 2. The system is operating with a condensing pressure of 350
psig and.#h evaporator pressure of 75 psig, with 10 degrees superheat and 20 degrees
of subcooling. This is a 25-ton system which uses R-22 as a refrigerant. Find the
following: '

a. Compregsion ratio

b. Refrigerant loss -

¢. Refrigerant effect -
d. Heat of compression
¢ e. Refrigerant cirdulated , . '\J
f. Compressic;n work ’
8. Coefficient of performance
h. Compressor HP (theoreticai> \ | P ’

i. Total brake HP'

‘8
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Department of Civil Engineering Training SG 3AZR54550-2-I1~1 'Eq
Sheppard Air Force Base, Texas

MAJOR COMPONENTS, DOMESTIC AND
CCMMERCIAL REFRIGERATION SYSTEMS
‘ o
OBJECTIVE
This umit of 1nstruction is designed to develop your understanding of the various

components whicu may be found 1n refrigeration systems. You must know this informa-
tion to service, operate, and adjust systems for proper operation.

INTRODUCTION

In previous units you have studied the fundamentals of refrigerating machines. No
attempt was made to go into detail concerning the various mechanisms, but rather to
show the fundamental principles tc serve as the foundation and background of your AN
speciaity. Study this unit carefully and if necessary refer back to previous units. Poor
knowledge, improper maintenance or servicecandefinitely damage very expensive
equipment. - '

COMPRESSORS

3
Types

= .
There a: 2 basically three types of compressors in use today, reciprocating, rotary,
and centrifugal. Centrifugal compressors are used widely in large applications and will
be discussed in Block III. _ ‘ !

Rotary compressors are usually limlted to use in small fractional harsepower
applications and are used in the domestic refrigeration field. They will be discu
later in this block of instruction.

The overwhelming majority of compressors used in cefrigeration applications are
‘the reciprocating type. This uuit of instruction will cover only reciprocating com-
pressors. - '

The purpose of the compressor in a system is twofold, first it removes the refrig-
crant vapor from the evaporator and reduces the pressure in the evaporator to a point
where the desired evaporating temperature can be maintained. Second, the compressor
raises the pressure gf the refrigerant vapor to a level high enough so that the saturation
temperature is higher than the temperature of the cooling medium available for condens-

»ing the refrigerant vapor. ’

Referring to figure 1. you will note the design of the reciprocating compressor is
similar to a modern automobile engine, with a piston driven by a crankshaft making
alternate suction and compression strokes in a cylinder equipped with suctiom and
discharge valves. The reciprocating compressor is a positive displacement pump with
many advantages which follow. .

vl
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1859 13 suitable for small %cement volunies.

2. t'is quite efficient at high condensing pressures.

3. It is quite efficient at hién compression ratios.
4. It is adaptable to a number of different refrigerants.
3. Liquid refrigerant may easily be run through connecting piping because of the

high pressure created by the compressor.
6. It is durable, has simplicity of design and relative low cost. Lo

Operation

is shown. As the piston moves downward on the suction stroke, the pressure ig
in the cylinder. When this pressure falls below the pressure in the suct..mn i
pressure differential causes the suction valves to open and forces the refrigei
into the cylinder. As the piston reaches the bottom of its stroke and starts.upw?
the compression stroke, pressure is developed in the cylinder forcing the suction valve
closed. The pressuie in the cylinder continues to rise as the piston moves upward
compressing the vapor trapped in the-cylinder. When this pressure exceeds the pressure
existing in the compressor discharge lines”The discharge valves are forced open, and.the
compressed’gas flows into the discharge line and on to the condenser, When the piston
starts downward, the pressure reduction allows the discharge valve Lo close because of
the higher pressure in the condenser and discharge line, and the gycle is repeated.

PISTON (N

PISTON ON
% DOWNSTROKE \{NIOKE
/\ [\

4

Figure 1.

For every refolution of the crankshaft, there is both a suction and compx@n“‘
stroke of each piston. For example; in a 1,750 rpm motor compressor, there are
1, 750 complete suction and compressian cycles in each cylinder each minute. For a
3, 5000 rpm motor compressor, 3, 500 complete cycles occur each minute.

e 0=178E1
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Piston Displacement

The refrigerant boiling in the evaporator has a definite volume. The volume of the
cvlinder of the reciprocating compressor must be large enough to remove the refriger-
ant boiling off in the evaporator. If the volume is too small, vapor will remain in the
evaporator and increase the evaporator pressure, As a direct result of the increased’
pressure 1n the evaporator, the boiling point of the refrigerant will rise, The piston of
a cylinder, which has a volume of one cubic foot, would have to make 100 upward strokes
a minute to compress 100 cu ft of vapor per minute. This volume swept by the piston
during a certain time period is known as the piston displacement. '

) 'g(ci) determine the displacement of a single-acting compressor the following formula
is used.

-

_D?®xLxNxRPM

Q= @200

Q = Displacement in CFM

D = Cylinder bore in inches

L = Length of stroke in inches
N = Number of cylinders

RPM = Revolutions per minute

The theoretical capacity of a compressor can be figured by dividing its piston dis-
placement by the volume of refrigerant to be circulated per ton of refrigerant. Earlier,
using the pressure-enthalpy chart you figured the pounds of refrigerant circulated per
ton. The volume of refrigerant circulated is found by dividing the pounds circulated by
the density of the vapor being circulated. Density may be found in tables on the proper-
ties of refrigerant in commercial manuals or by using figure 2.

Volumetric Efficiency

In the preceding paragraphs it was assumed that the cylinder would fill completely
with refrigerant vapor at the same pressure and temperature at which it left the evap-
orator. This does not hold true in the actual operation of reciprocating compressors.
The volurge and weight of the refrigerant that flows into a cylinder is always less than
the theoretical capacity. This is so for several reasons, the first being the cylinder

'alls are warmer than the gas leaving the evaporator,. This raises the temperature of
the gas coming into the cylinder causing it to expand and prevent additional cold vapor
from entering, A second reason.is that the pressure in the cylinder is lower than the
suction line and evaporator due to the downstroke of the piston. The vapor in the cylin-
der expands on entering the cylinder. * Therefore, there is a smaller weight of refrig-
erant in each cubic foot of cylinder space. Another reason is the clearance space be-
tween the cylinder head and the top of the piston. In this clearance space a small
amount of high-pressure vapor remains after the piston reaches the top of its stroke.
This vapor reexpands on the downstroke of the piston taking up space in the cylinder.
This decreases the weight of vapor that can flow into the cylinder,

The factors mentioned above determine the volumetric efficiency of a compressor.
The volumetric efficiency may be defined as the ratio of the actnal weight of refriger-
ant in a cylinder to the weight that the cylinder can theoretically hold. s
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Pressure Dens Pressure. ._Density
P [PS1A | PSIG | Lia. [Vapor Temp Lpsus T PSIG_1 Liq. ] Vapor
40 | 9.3 11.0* | 94.67 | 0.26 50 61.4 | 46.7 [85.14 | 1.3
-38 | 9.8 9.1° | %4.45 | 0.27 52 | 63.5 | 49.8 {84.90 {,1.58
-36 [10.3 8.9* | 94.28 | 0.28 54 65.7 | 51.0 |84.66 | 1.65
-34 {10.9 7.8 | 94.08 | 0.30 56 679 | 53.2 |84.43 | 1.68
’ =32 }11.4 6.7* | 93.87 ! 0.31 58 70, 1 55,4 184,191 1,74

=30 [12.0 5.5* 1°93.70 | 0.33 60 72.4 57.7 183.94 | 1,79
-28 112.6 4.3* 1 93.50 | 0.34 62 74.8 | 60.1 183.70 | 1.85
-26 113.2 | 3.0* | 93.30 | 0.36 64 77.2 | 62.5 [83.46 | 1.91
-24 |13.9 1.6* | 93.10 | 0.38 68 79.7 | 65.0 |83.21] 1.97
-22 {14.6 0.3* | 92.90 | 0.39 68 82.3 67.6 182.97 ] 2.03
~20 [15.3 0.6 | 92.70 | 0.41 70 84.9 | 70.2 [82.72 | 2.09
-18 |16.0 1.3 92.50 | 0.43 72 87.6 | 72.9 [82.47 | 2.18
-16 {18.8 2.1 92.30 | 0.45 7% 90.3 | 75.6 |82.22 | 2.22
-14 [11.5 2.8 ] 92.10] 0.47 76 93.1 78.4 | 81.96 | 2.29
-12 {18.3 3.7 1 91.89 | 0.49 78 96.0 | 81.3 }81.71| 2.386
-10 [19.2 4.5 1 91.69 | 0.51 80 98.9 | 84.2 [81.45] 2.43
-8 {20.1, 5.4 | 91.49 1§ 0.53 82 1101.9 | 87.2 |8t.19( 2.50
-6 [21.0 6.3 91.28 | 0.55 84 1104.9 | 90.2 180.93] 2.58
-4 |21.9 7.2 91.07 | 0.57 86 [108.8 | 93.3 | 80.67 ! 2.86
-2 }22.9 8.2 80.87 | 0.60 88 111.2 | 96.5 | 80.41 ] 2.73

0 {23.8 9.2 90.66 | 0.62 %0 [114.5 | 99.8 | 80.14 | 2.81

2 1249 | 10.2 90.45 | 0.65 92 117.8 [103.1 | 179.87 ] 2.90

4 [25.9 | 11.2 90.24 | 0.67 94 J121.2 |106.5 | 79.61{ 2.98

6 |27.0 | 12.3 90.03 | 0.70 96 | 12441 |110.0 | 79.33{ 3.07

8 128.2 | 13.5 | 89.82 | 0.73 98 | 128. 113.5 1 79.06 | 3.16
10 }29.3 14.6 | 89.61] 0.76 100 | 131. 117.2 1178.79] 3.25
12 130.5 | 15.8 | 89.39| 0.78 102 | 135/6 |120.9 | 78.51 | 3.34
14 {31.8 17.1 89.13 | 0.81 1 .3 [124.6 | 78.23 | 3.44
16 {33.1 18.4 88.96 | 0.85 10 143.2 [ 128.5 | 77.95| 3.53
18 134.4 19.7 | 88.75 | 0.88 108 1147.1 |132.4 | 77.66 ] 3.63
20 |35.7 | 21.0 | 88.53 1 0.91 110 f151.1 [136.4 [ 77.38 | 3.74
22 {37.1 | 22.4 | 88.31{ 0.94 112 1 155.2 [140.5 | 77.09 1 3.84
24-138.6 | 23.9 | 88.09 | 0.98 114 | 159.4 {144.7 | 76.80{ 3.95 .
26 {40.1 | 25.4 | 87.87! 1.01 116 | 163.8 {.148.9 | 76.50 | 4.08
28 141.6 | 26.9 | 87.65! 1.05 118 | 187.9 | 153.2 | 78,21 | 4.17
30 {43.1 | 28.5 | 87.43 | 1.09 120 1 172.4 ] 157.7 | 75.91.] 4.29
32 144:8 | 30.1 87.20 | 1.13 122 | 176.9 | 162.2 | 75.60 | 4.41
34 146.4 | 31.7 | 86.98] 1.17 124 | 181.4 | 186.7 | 75.30| 4.53
36 {48.1 | 33.4 | 86.75| 1.21 126 | 186.1 ] 171.4 | 74.99| 4.65
38 149.9 | 35.2 | 86.52] 1.25 128 1 190.9 | 176.2.| 74.68] 4.78
40 [51.7 | 37.0 | 86.30| 1.29 130} 195.7 | 181.0 | 74.37] 4. 91
42 153.5 | 38.8 | 86.07] 1.34

44 §355.4 40.7 85.84 | 1.38 * Inches of Mercury ,

46 {57.4 | 42.7 | 85.80 1443

48 [59.3 | 44.7 | 85.371 1.48

Figure 2.

Compression Ratio

The volumetric efficiency of a compressor is not a constant quality. It depends on
what is known as the compression ratio. This is the ratio between the head and suction
pressure, or . .

[
1 4

. . Compression Ratio =  Jead Pressure (psia)

Suction pressure (psia)

As discussed in the preceding section the clearance spack of a cy!inde‘r is lefl full
of high-pressyre gas at the end of the compression stroke. The higher the discharge
pressure, the greater the density and pressure of this gae and the greater the volume
it occupies on reexpanfion. For this reason the capacity of the compressor decreases
as the compression ratio increases. ’
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Compressor Capacity Control "

Loads on refrigeration and air-conditioning systems vary from full to a small
percentage of full load. Some means must be used to control the capacity of the compres-
sor to correspond to the load on the evaporator. If for example the load on an air-con’-
ditioning system falls low enough, the suction temperature may fall well below 32°F
hefore a balance point between the compressor and evaporator load is reached. In this
case the final temperature of the air crossing the evaporator will be undesirably low,
causing the moisture condensing on the evaporator to freeze. This will of course
aggravate the condition by restricting airflow and forcing the suction temperature even
lower. It 1s for this reason some method must be used to regulate the compressor
capacity. Inthe following paragraphs some of these methods will be discussed.

ON-OFF CONTROL. One of the simplest forms of compressor capacity control is
through the use of the low-pressure motor control found on most reciprocating compres-
sors. This system is satisfactory where the loads are fairly constant and light loads
are not encountered. On light loads the machine will tend to short cyclie and impose
severe stress on the electrical equipment. If started too frequently the motor may over-
heat and the contacts of the motor starter may be damaged. The starting current drawn
from the [ine could cause voltage fluctuations that may affect other equipment on the

same distribution system.

The operation of the-on-off type control is as follows. The pressure tube of the
low -pressure switch is connected to the compressor suction line and the electrical
contacts are-wired in series with the holding coil of the compressor motor starter.
On a falling load the suction pressure drops below the desired limit, the switch opens
and deenergizes the motor starter to stop the compressor. On a rising load the suction
pressure rises to a predetermined point, the switch closes, energizing the motor starter
~

_ and starts the compressor.

. VARIABLE SPEED. The capacity of a compressor is in direct relatiouship-?o the
speed at which it is turning. Therefore, controlling the speed of a compressor will
control its capacity. One type employs a manual speed changing switch and a constant
speed motor starter. This type of system is ideal where loads do not fluctuate widely.
Another type employs {wo low-pressure controis and a two 2speed motor starter. One
pressure control places the unit in low speed on a decrease in load and the other cycles

the unit. . -

HOT GAS BYPASS. This method employs a solenoid valve, see figure 3. This
valve 1s closed for full capacity. The valve opens for half capacity and gas from one
bank of cylinders ‘goes back into the suction line. A check valve prevents the gas from
the other bank of cylinders from backing into the suction line, This type of system
should be avoided except where capacity reduction is infrequer@and for short periods of
time for the following reasons:

* There is no reduction in power consumption at reduced loads.

* The hot gas causes hot cylinder heads. {

* There are noise and lubrication proﬁlems with fﬁls type of system.

i
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Figure 3. Hot Gas Bypass System Figure 4. Cylinder Bypass System - *

CYLINDER BYPASS. In this system, the solenoid valve is installed so that it closes
the suction line off to one bank of cylinders, seé-figure 4. The cylinders cafnot pump
sbut the valves continue to operate causing the following disadvantage: high vacuum is
created in the suction manifold and the cylinder which causes oil pumping.

CYLINDER UNLOADERS. Capacity control is accomplished in this system by hold-
ing'the suction valves open. Figure 5 shows a diagram of the hydraulic cylinder unloader.
Suction pressure sensing variations in the load will load or unload each controlied cylin-
der.®The major components of this system are the capacity control valve, hydraulic
relay, unloader power element,and the unloader sleeve.

Operation. The operation can be traced in figure 5. The pressure from the crank-
case is fed through a surge chamber which changes the pulsating pressure to a stabilized
flow to the c¢apacity contrél valve (1). As the increase of pressure enters the valve, an
jnternal bellows is expanded and the pushfods attached to the needle and seat assembly

* pull the needle toward the seat. This action increases the control oil pressure. The in-
crease of pressufe in the crankcase is also passed through the oil pump to the hydraulic
relay (2).

NOTE: This pressure is true oil pressure plus suction pressure. The
increased oil pressure will bleed through the port in the end of the relay
piston and force the relay piston to move one notch for each increase of
2 psi. For each increase of 2 psi the repositioning opens a port leading
to an unloader power element (3). There is one lesls cylinder unloader
power element than total number of cylinders; this means that one cylin-
der will be fully loaded at all times,




M
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Figure 5. Cylinder Unloader Circuit

As the unloader element (3) has the increased power applied, it is forced against
the piston face, opposing the spring pressure and pushing up on the lifting fork assem- )
bly (4). This action causes the lifting fork to drop, which allows the unloader sleeve (5)
to drop. The dropping action of the unloader sleeve allows the pushpins (6) to fall
against the face of the unloader sleeve allowing the suction disc (1) to seat on top of the
cylinder and load the cylinder.,
reases in the crankcase, the decrease through the capacity
contract and ‘the pushpins (9) push the needle
away from the seat decreasing the control oil pressure (10). This decreased control
oil pressure will aliow the spring pressure to reposition the piston, closing off feed-
line ports to the unloader power elements one notch against the ball and seat assenibly
(11) for each 2 to 2.5 psi change in pressure, As the pressure is no longer being

As the pressure dec
control valve (1) causes the bellows to

applied to the unloader power element (3) the internal spring pressure forces the exces-

sive oil to return by gravity feed to the crankcase. The action of the lifting fork (4)
forces up on the unloader sleeve (5). This lifting action pushes the lifting pin (6) against
the disc type suction valve (7) raising it off the seat, unloading the cylinder.

Adjustment. The capacity control mechanism must be adjusted to maintain a
balance between the load and compressor capacity. This adjustment is made by turning
the external adjustment stem on the capacity control valve. Turning the adjusting stem
clockwise (in) unloads the cylinder. Turning the adjusting stem counterclockwise (out)

loads the cylinders.

The ideal setting of the capacity control valve is achieved when the first cylinder
unloads at arpressure of 3 psi below the design suction pressure. The capacity control
valve loads and unloads cylinders in steps to balance the compressor capacity with the
heat load. The compressor must be ully. loaded before the capacity control valve can be
correctly adjusted. Ifitis impossible to fully load the system before setting the control
valve, adjust the valve to give 2 minimum of cycling and make the final adjustment when

the system is fully loaded. .




Muitiple Compressors

There are somsa instailations where ccmplete shutdown due to compressor failure
would cause serious financial loss. In these instances the refrigeration load is broken -
up wte two or more parts, each handled by a single compressor. This provides standby

service and, under partial load, only the required number of compressors are operating.

These systems will be covered in a later unit of instruction.
CONDENSERS

The condenser is basically a heat exchanger where the heat absorbed by the refrig-
erant during the evaporating process is given off to the condensing medium. The heat
given off by the condenser is always greater than the heat absorbed during the evapora -
ting process, because of the heat of compression. (This was covered in your study of
the pressure-enthalpy diagram.) As the heat is given off by the high-pressure, high-
temperature vapor, its temperature falls to the saturatiop point and the vapor condenses
to a liquid, hence the name condenser.

Air.Cooled Condensers e

This most commonly used condenser is of tube and external fin construction and
dissipates heat to the ambient air. Heat transfer is efficiently accomplished by forcing
large quantities of air through the condenser assembly. Air-cooled condensers are easy
to 1nstall, easy to maintain, require no water and there is no danger of frgezing in cold
weather. However, an adequafe supply of air is necessary and the fan use noise
problems 1n large systems. In very hot regions the temperature of the ent air may
result in high condensing pressures, but if the condenser is properly sized they can be
used in all climate regions.

Draw through fans which pull the air through the condenser, result in a more uni-
form flow through the condenser than the blow-through. Since even distribution of air
will increase the condenser efficiency, the draw-through types are preferred.

Air-cooled refrigeration systems that are operated in low ambient temperatures are
susceptible to damage due to low head pressure unless means of adequately maintaining
normal head pressures are provided. The capacity of refrigerant control devices are
dependent upon the pressure difference across the device. Control devices are selected
for desired capacity with normal operating pressures. Abnormally low head pressure
reduces the pressure difference across the expansion valve or refrigerant control re-
sulting in insufficient refrigerant flow. This will cause erratic refrigerant feed to the
evaporator, possible frosting of an air-conditioning coil arnd lower refrigerant velocity,
permitting o1l to settle out and trap in the evaporator causing a shortage of o1l in the
compressor.

CAPACITY CONTROL. To.overcome the capacity and startup problems there are
various solutions. The condenser may have multispeed fans, dampers over the con-
denser to control airflow, or the best solution to backflood the condenser with liquid
refrigerant by using a head pressure control valve. *

i
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Waier-Coonled Ccadeniers .

When an adequate supply of low cost cordensing water is available, watcr-ccoled
condensers are often desirable because of the better condensing p.'essmes, and better
head pressure control is possible.

BBerause of water's excellent heat transfer ability, water-cooled condensers can be

quite compact. ;

These condensers #% of three basic types: (1) double tube, (2) shell and coil, and
(3) shell and tube.

‘The double-tube condenser 1is one with a tube within a tube with the water flowing
through the inner tube. This type is sometimes formed into a coil approximately 20"
in diameter. It uses a counterflow of water and refrigerant for the greatest amount of
heat transfer,

i3

The shell-and-coil condenser is one with a copper coil enclosed in a steel shell,
The water flows through the coil and the refrigerant is in the shell. The shell also acts
as a receiver on a unit using this type of condenser. This type of condenser is very
difficult to service, clean, and repair leaks on. .

¢

The shell -and -tube condenser is one with tubes inside a steel shell. This condenser
permits a large amount of condensing surface in a small space and has the added advan-
tage of being easy to clean and service. The water flows through the tubes and the
reirigerant is in the shell. Like the shell-and-coil condenser, this also serves as a
receiver. :

Evaporative Condensers s X
This type of condenser is used where lower condensing temperatures are desired

than are obtainable with air-cooled units, and the available water supply may not be

adequate for heavy water usage. : F;" ELIMINATORS
This type of ahcondenser is essentially

a condenser and cooling tower combined

into a single unit. A diagram of an evapor-

ative condenser is shown in figure 6. Z{&%Z&Z&zz
SPRAY

Both air and{water are used in the evap- NOZZLES

orative condenser. -The water is pumped’ \ (f )
from the sump to a set of spray nozzles and -
sprays down over the condenser tubes bafk REFRIGER- | "H Ig TR
to the sump. The air is drawn from the out- ' W~ - " !
side at the bottom by a blower and is dis- - g —— )
charged back to the atmosphere on top of ouT G =) AR N
the condenser. o m\ CONDENSER - /
? WA.TER SUMP

ZND=031

Figure 6. Evaporative Condenser -
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COQLING TOWERS

Althbugh the cooling tower is not considered as an actual refrigerant condenser. its
function in the system is so closely related to the operation and maintenance of water-
cooled condensers, this heat rejection component of the system will be discussed at this
time.

Cooling towers (see figure 7) are used
to cool the water from the water-cooled
condensers of refrigeration and air-condi-
tioning systems. The hot water from the
condenser is pumped to the top of the tower,
then sprayed on a distribution deck where
it passes through holes and falls onto the
wetted deck. The cool water falls into the

= E ’ [ '

|

\
)

s . . =] A;—_J_____J___.—‘
’collectlon pan and the cycle begins again. .::—- —

Air passing through the tower evapor-
ates some of the water. The heat of evapor-
ation comes from the water itself; therefore,
when the water reaches the collecting tank
at the bottom of the tower its temperature -
is 10 to 180 less than it was at the top of-the R W ol
tower. The smaller the droplets of water T
the more surface area is exposed to the
action of the air and the faster the rate of Figure 7. ' Cooling' Tower
evaporation. The same process takes
place here that takes place when a swimmer
comes out of the water. As long as the swimmer is under the water and not in contact
with the air, he is relatively warm. However, when he steps out of the water into the
air, evaporation takes place. The heat for this evaporation comes from the swimmer's
body and leaves a feeling of being cold. :

TR

3,

-

A basic cooling tower (figure 8) con-
sists of water spray, a collecting pan,
drain connections, and a structure of
louvers or solid panels which form an
enclosure or spray chamber. A pump is
provided for the recirculation of the cooled
condenser water. Most cooling towers are
equipped with an adjustable bleed-off to
help reduce scale and corrosion.

Types

There are two types of cooling towers;
one is the atmospheric or natural draft-
tower which depends on wind velocity, the Figure 8. .Schematic Diagram of a
other is the forced draft type which uses a Natural Draft Cooling Tower
fan to force the air through the tower.

1
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NATURAL DRAFT. A natural draft or atmospheric cooling tower is dependent on
satural air movement through its structure for effective operation. This type of tower
has louvered panels on all four sides to permit the wind to pass through the spray
chamber. Structural members of these towers are usually made of steel, and the wetted
deck of cypress or redwood. They are normally used for small refrigerating systems
and- are always located outdoors. To permit maximum circulation of air through them,
they are placed on an elevated structure when adjacent to a building, or on the ground
when they are placed a good distance irom a Building or other wind obstruction. All
atmospheric towers :aust be placed away from wind obstructions to obtain the benefit of
prevailing winds {durmg the summer.

Natural draft towers are designed for a 3 to 5 mile wind velocity an¢ are selected to
coel the wa er to approximately 7° sbove the wet hulb temperature. The amount of water
circulated through the tower spray system is at the rate of five gallons per minute per
ttn of refiigeration required. . .

FORCED DRAFT TOWERS. Forced draft iowers are equipped with sol.d metal
panels on all four sides which are mounted on structural stecl members with vpenings
for flow .f 1nlet and discharge air. Fans are located either at the inlet or at the outlet
of sprav chamber depending on manufacturer's particular design. Normally, forced
draft towers are used on large refrigerating systems and are installed either indoors or
outdoors in any convenient space. Indoor installations are ne2x the outside wall to
requce duct work to and from the outside. Sizes of the ducts are never smaller tnan
the openings of the tower. Restricticns in ducts and iouvers. and sharp or sguare ben'=
are avoided since they reduce the airflow. Force draft towers are selected for the
same wet bulb temperatures as natural draft towers and cool the water to approximately
79 above the wet bulb temperature. The amount of water circulated through the tower
spray system 1s at the rate of three gallons per minute per ton of refrigeration required
(see figure 9).

Regardless of whether a natural convection or a forced convection tower is used, Vs
1.8 gallons of water must be evaporated per hour for each ton of retrigeration capa~ity.

Zcoling Tower Components

Tl.c wpray nozzles a.: used to distrubute and atomize the condenser water ¢ ine
top of the tower. The distribution deck further distributes the water over the wetted
deck. The wetted deck made of redwood or cypress slats slows the waterflow aiding
in evaporative cooling of the water. Louvers are used to direct the airflow through the
tower. The cool water falls into the collection pan or sump. An overflow pipe is in-
stalled in the sump to reduce water spillage and can be used for bleed-off control. The
bleed-off line may also be installed on the waterline from the condenser to the spray
nozzles. The float valve is installed in the water makeup line to start and stop the flow
of makeup water. The water circulating bump supplies cool water from the cooling
tower sump through the water -cooled condenser. to the spray nozzles (figure 9).

The forced draift tower has a fan to force air through the tower.and eliminators to
prevent water being pulled out by the fan.

¢
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Figure 9. Schematic D*agram of @ Llechanical Draft Cooling Tower

Cooling Tower Piping

L 4 .
Condenser water -circulating piping is usually of galvanized steel pipe and cast-iron
fittings. Sufficient numl ers of valves, flangrs, and unions are installed so that the
pump anu condenser may be disconnected easily. Gate valves are used in the lines
_since they offer less resistam > to the waterflow. Globe-type drain and vent valves are
installed at ai: low and high points to drain >r vent the piping system. \.ulticondenser
systems rave valves ou inlet and outlet "water ccnnections to each «adenser so that ¢oa-
densers mz be disconnected vthout ir srfering with the oweration of the rest of the
conaenser water circrlaiing system Pipe connections to the ~onling tower, condenser,
ané purups should n~ver be smal.er than the inlet nr outlet connections of ‘he equiprr .nt.
The pump inlet connectio.. to the cooling tower pan is always the same pipe size as the
; tithing on the pan for a Jistance of five feet if the connection is vertical, and fur the
entire 'ength if it is horizontal. The pump in!et connection at the tower pan is protected
by @ wire screen to prevent debris from entering the piping system. e

A

Capacity Centrol

The amount of heat removed from the condenser may be controlled by one of the
following methods. When these methods are used together, there is a more efficient
control. Figure 10 shows the three main capacity control systems.
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MODULATING VALVE. This valve is operated by a Series 90 electric motor and a
thermostat. The thermostat senses the temperature of the water leaving the condenser.
It has an insertion type sensing element that is installed in the outlet waterline from ‘the
condenser. The thermostat is set for a desired temperature. When the water tempera-
ture decreases, the valve closes the waterline from the tower to the condenser. This
increases the condensing temperature and raises the head pressure. When the conden-
ser water temperature rises to the cut-in setting on the thermostat the bypass portion of
tha valve closes. This allows the water to flow from the condenser to the tower.

PRESSURESTAT. In this method of capacity control the cooling tower fan is cycltd
by a pressurestat that is connected to the compressor discharge line.  When the dis-
charge pressure increases, the pressurestat will cycle the fan tothe ON position. This
removes the heat from the water, reducing the pressure. When the discharge pressure
decreases to the pressurestat setting, the fan is cycled off.

. »
MODULATING DAMPERS. These dampers are located in the tower fan discharge

airtiow. The operation or .he dampers is controlled by a pneumatic thermostat. A

pneumatic damper operator positions the dampers according to what is called for by the

thermostat. A remote rulb sensing eloment is installed in the collecting pan of the cool-
ing tower. When the condensing pressure increases, the tower water temperature in-

_ creases. This is sensed by the thermostat. The thermostat sends 2 signa}to the con-

* troller to open the dampers. This allows more air to go through the watef to remove
the heat. When the temperature is reduced the thermostat signals the damper/operator

to close the dampers.

. WATER TREATMENT
Water treatment is a very impbrtant part of the operation of cooling towers and
consequently water-cogted condensers. Without treatment of the water, the formation
of scale, corrosion, oxlalgae will have a direct result on the efficiency of the system.
The refrigeration speciajst need not be a chemistry major tu perform water treatment.
He should though, know how to recognize water probléms and the treatment and preven-

tion of these problems.

Corrosion is the destruction of melal by chemical or electrochemical action. Rust

is a form of corrosion. All metals containing iron will rust if exposed to the effects of
- air and moisture. Water increases the corrosion or rusting process.

¢
Scale is the residue or deposits left by water. This canbe demonstrated by placing
some water containing minerals in a.pan and boiling away the water. The minerals will
be left in the pan. If this process is continued several times, the pan will become
covered with a coat of these minerals. These minerals are called scale.

°

Algae is small microscopic plant and animal life that forms and grows in water.
Algae if uncontrolled can become a big problem in water towers, tanks, piping, pumps,
and condensers. ; . . ‘

Acide, Bases and Salts "

Acids, bases, and salts are chemical compﬁunds associated with waters used in
refrigeration systemsi The early chemists discovered that ‘compounds had distinct
tastes. Vinegar ~nd lemon juice had a sour taste so the chemists named then ""acids"’

from the Latin word "Acidus, ” meaning 8our.
14
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The second group of compounds such as caustic soda and lime had a bitter taste.

This group of compounds would destroy the sourness of acids and would act as a founda-

tion for the manufacturing or makingof the third group. Since they acted as a foundation _

they were called bases.

The third group of compounds was obtained by mixing a base and an acid together.
These compounds had a salty taste and were called éalts. When these salts are mixed ]
with water, we call them brines. Table salt mixed with water produces a sodium |
chloride brine. Cold brines are used in ice plants to circulate around fresh water ice |
cans to produce ice. Brines are very corrosive to metals; therefore, corrosion inhib- ‘
itors are employed to reduce corrosion. i
|
|
\

»

Testing for pH

Just as a thermometer measures the intensity of heat, pH measures the intensity - |
of an acid or base in solution. pH means potential hydrogen; a hydrogen atom that has |
lost its electron (H+); a positive hydrogen atom; a positive hydrogen ion. Where many
hydrogen atoms lose their electrons, the water solution containing these hydrogen ions
becomes very aggressive; so aggressive, in fact, that the water will eat metal right
off iron pipes. This aggressive water is acid in nature.

pH determines the degree of acid or base.in solution. With litmus paper and "P"
indicator we can determine whether a solution is acid or base, but we cannot determine
the degree of intensity. With pH comparators, we can determine not only the nature of .
the solution but also the intensity of acid or base. Acids contain more hydrogen ions 1
(H+) than hydroxyl ions (OH-) and range in pH from 6.9 to zero. Bases contain more f

‘OH- ions than H+ ions and range in pH from 7.1 to 14.

Pure water is made up of H30 molecules but also contains H+ ions and OH- ions in
equal amounts. The pH of pure water is 7.0 which is neutral; neither acid nor base. //
When there are impurities in water, usually this balance is disturbed and there is more
H+ or OH-. This causes the water to be acid or base. Going a step further, acids can
be identified as those substances which, when dissolved in water, increase the hydrogen
ion (H+) concentration; bases as those substances which, when dissolved in water, '
increase the hydroxyl'(OH-) ion concentration. HCL is an acid. NaOH is a base.

It has been found that the hydrogen and hydroxyl ion concentration of pure water is
0.0000001 gram per liter or 0.0000001=1/10° grams. The pH value of the water would 3
then be expres $6.0. ApHof5.0is 10 more/s‘ times more acid than a pH of 6. 0. .

The relation bet n H+, OH-, and pH valu'es‘ is shown in figure 11.

TEST FOR ACIDS. A very simple test is to place litmus paper in the acid solution.
Acid turns blue litmus paper red. Another test for acids is to check the solution with
phenolphthalein ""P" indicator. 'P" indicator remains colorless when placed in acids.

g .

v
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Figure 11,

TESTS FOR BASES. Bases are probably not as well known as acids but they are

just as important. ’
¢ L]

Sodium hydroxide is a white, crystalline solid. It is soluble in water, bitter to the
taste, feels slippery between the fingers and burns the skin. It is more commonly |
‘known as lye or caustic soda. Nextto sulfuric acid, sodium hydroxide is ‘probably the
most widely used chemical. It is a very strong base and must be hapdled with cautiop.

Bases turn red litmus pai)ex; blue. When the pH is above 7.9, bases turn"P" indi‘-‘ A
_ cator red. Bases are used to neutxf‘alize acids. ) )

pH Adjustment. Scale nfay be slowed down or stopped by reducing the pH valie of
the water. This may be done’.b&gdgiing inhibited sulphuric acid to the water, An inhib-
, ited acid will not dissolve metal, 'As seen in figure 12, scale occurs at a pH of 9.0 and
above. Acids reduce pH value.- If we reduced the pH at 8.0, scale would usually be
) controlled. Acids should be fed into large systems with an automatic proportional
r feeder to prevent excessive acid additions. The pH should never be adjusted below 7.0.
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-Corrosion

As was mentioned earlier, corrosion is the destruction of metal by chemical or
electrochemical action.

CHEMICAL CORROSION, Corrosion caused by chemical reaction occurs when the
pH of the water solution is below 7.0. During chemical attack, the metal dissolves
into the acid solution. Metal is eaten away uniformly. If corrosion is not arrested,
failure of the pipe or tubing witl take ptace. The pH requirement for minimum corro-
sion or scale formation in chilled and cooling water systems is between '{ 0 and 9.0,

ELECTROCHEMICAL REACTION. Electrochemical action is similar to the reac-
tion which takes place in the battery of your car, When two dissimilar metals are in
contact, such as brass and steel, a cell results, Metal will be removed from one and
will edther go into solution or be deposited upon the other. Nonuniform corrosion is
produced by electrochemical cells, .

AC electrical equipment should not be grounded to waterpipes that show signs of
electrochemical corrosion, as this makes more active cells with a resultant increase
in the corrosion rate,

General Methods of Preventing Corrosion. Variocus methods pnay be employed to
prevent corrosion. Oxygen and carbon dioxide may be removed from the water by
chemical or mechanical means., Chemicals are added to the water to form protective
films on the metal and direct current is impressed on the metal to prevent cell-type
corrosion.

Corrosion Prevention by Chemiggl Treatment. The most common chemical used
to control corrosion are chromates polyphosphates.

Scale

Scale is a white deposit consisting of compounds of calcium and magnesium. Scale
on the inside of water-cooled condensers presents.a serious problem because it reduces
the efficiency of the condensing unit,

SCALE FORMATION, The evaporation of water from a cooling tower leaves cer-
tain solids behind, Recirculation of the water and the accompanying evaporation causes
the concentratwon of solids to increase. If this concentration is not controlled, scale
will result, -

METHODS OF REMOVING SCALE, It is much easier to prevent scale than it is
to remove it, but there will be times when scale removal is necessary, Two general™
methods are used to remove scale; the mechanical and the chemical method.

Mechanical Method. Scale is removed mechanically by brushing, scraping, and
grit blasting. Mechanical methods are very effective on hard, rough surfaces such as
evaporative coolers, cooling tower louvers, spray chambers, water pumps, etc. On
saft copper and brass surfaces, however, the mechanical method may cause scratches,
‘cuts, and nicks which make a good startmg pomtfor scale. In such cases, chemical
methods should be employed.

17




™ plastic mesh feeding bags into which are

Chemical Method. Chemical me 8 of removing scale from equipment consist of ’ y
dissolving scale deposits in a cleaning’ solution consisting of dilute hydrochlorie acid.
Whenever possible, commercial inhibitor powder should be. added to the scale cleaning
solution, The inhibitor will limit corrosion without materially reducing the solvent
action on the scale deposit, )

METHODS OF PREVENTING SCALE, There are many methods of preventing scale
and every job presents an individual probl The following methods in the order
listed are usually the most effective in prevehting scale, +

* Turbidity control

*  Once-through water system
*  Bleed-off adjustment ’ .
*  Surface active a;gents

*  pH adjistment

*  Zeolite sot:ten‘ing

_ Once-Through Water. Where an abundant supply of cheap water is available, cool-
ing water may pass through the equipment once and undergo a slight rise in tempera-

ture (10 to 157). Little difficulty from scale will be experienced with this method unless
the hardness is more than 200 ppm, ;

ace Active Agents. Surface active agents, such as micromets, are polyphos-
es which have the property of keeping calcium and magnesium compounds (scale
orming) in solution longer than normal.

There are a number of phosphate water treating materials on the market, some of
which are readily soluble and some slowly soluble, but in any case, it is necessary for
the metaphosphate to be in the system all of
the time. Phosphates that are in solution
form, or readily soluble should not be
dumped into the cooling tower since they
will immediately start leaving with the
bleed and within a few hours the residual
will be down below the required amount.

Either a feeding device or a slowly
dissolving phosphate with controlled
solubility must be used. Results will not
be obtained unless the phosphate is fed into
the water at a fairly constant rate.

4

MESH

One manufacturer supplies inexpensive

placed a slowly soluble phosphate material
in plate form. (See-figure 13.) This plate

material gives a very uniform solution rate FUNNEL .
because the solubility rate depends upon .
. Figure 13. Location of Mesh Feeding Bag .
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the surface area and tHe surface area remains fairly constant as the plates become

thinner. Thus, the rate of feed is very constant for several months, or until about

60 percent of the material has dissolved. The desirable features of using the feeding

bags are that the bags are inexpensive, easy to install and when placed above sump

water level they do not overtreat the system when the equipment is not in use because

the chemical dries out and stops feeding. N
Other materials 1n granular form are available but they must be used in a feeder

1n the makeup water line. If slowly soluble phosphate is used, place it in a suitable

container so that it will not be thrown away each time the tower is drained.

,

Turbidity. It 1s measur?d 1n parts per million (ppm). One ppm turbidity means one
pound of clay or mud in a million pounds of water. The particles of clay are suspended
in the water. This means that they can settle out or be filtered. Solids in solution
such as salt dissolved in water cannot be filtered.

Bleed - Off Adjustment. In a system using a cooling tower of evaporative condenser,
bleed-off 18 the best method of preventing scale formation. Bleed-off limits the concen-
tration of hardness in solution in the circulating water. If the bleed-off plugs up, the
concentration of scale -forming solids will increase rapidly and scaling will result.

Bleed -off should be set at a minimum of one gallon per hour per'ton of cooling. If
scale forms, the bleed-off should be gradually increased. The maximum bleed-off
allowed 1s four gallons per hour per ton of cooling. A greater rate would result in a
waste of water. If scale does continue to form when blekd-off is set at maximum, then
it is necessary to chemically treat the circulating water or soften the makeup water.

One or both points A and ust be
higher than the water level in the pan to
prevent the water from syphoning out when s
the system is not running. "

Location of Bleed Line. ~The bleed line should be located as illustrated in figure 14.
B

. Use gate valve C only where pressure
in the bleed line makes shutoff desirable
for removing pipe cap B. Always locate
valve C within easy reach of pipe cap.
Valve C must be left wide open and not
used for reguiating flow. %

1711777177777/
AANMAANN AN

Bleed line discharges through drilled
hole in removable pipe cap. Select drill
size to give proper bleed rate. Leave cap ~___J)
fingertight so it is easy to remove for @ J 8
cleaning. =)

pipe cap and draif so quart bottle can be

J

\

|

= = i |

. |

Leave an eight-inch clearance between ‘ K l
used to measure bleed rate. j
|

Figure 14. Location of Bleed Line
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Bleed rate can be measured by determining the number of seconds it takes to fill a
quart bottle. Bleed rate in gallons per hour equals 900 divided by the number of seconds
required-to fill the bottle. '

Remember, no method of water treatment will work satisfactorily unless the bleed-
off rate is maintained correctly.

Algae

Algae are slimy living growths of one cell animals and plants. They may be brought
in by birds or high winds. Algae thrives in cooling towers and evaporative condensers
where there is abundant sunlight and high temperatures to carry on their life process.
Algae formations will plug nozzles and prevent proper distribution of water which will
in turn cause high condensing pressures and low?r,ed efficiency.

Chlorine base algaecides are used to contro{} or prevent the growth of algae, Calcium
Hypochlorite being commonly used on Air Force installations. 1.5 ppm of this chemical
will control the growth of algae satisfactorily. .

EVAPORATORS

The evaporator is that part of the low pressure side of the refrigeration system in
which the liquid refrigerant boils or evaporates, absorbing heat as it changes to a vapor.
It accomplishes the actual purpose of the system -'Refrigeration.”

Classification -

Evaporators used in air-conditioning systems are generally classified as direct
expansion coils or the shell-and-tube chiller.

DIRECT EXPANSION COIL. This evaporator is widely used for cooling air. It
consists of a series of tubes with fins attached for a greater heat transfer surface. The
direct expansion coil may be either of the dry or flooded type. In the flooded type a
float is used to keep a constant level of refrigerant in the evaporator. The dry type uses
an expansion valve metering device, -

SHELL-AND-TUBE. This evaporator is used to provide chilled water for air-
conditioning systems. This type also may be of the flooded or dry type. The water iB
in the tubes in the flooded type and one-half to three-quarters of the tube bundle is sub-
merged in liquid refrigerant. This type evaporator is used on larger units. In the dry
type the refrigerant is in the tubes and the water circulates over the tube bundle. This
type evaporator is used on.smaller units.

REFRIGERANT METERING DEVICES

There are six different types of refrigerant metering devices: (1) hand expansion
valve, (Z) automatic expansion valve, (3) thermostatic expansion valve, (4) capillary
tube, (5) low side float, and the (6) high side float. In this section we will discuss the
automatic and thermostatic expansion valves.
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‘Automatic Expansion Valve
DIAPHRAGH

The automatic expansion valve main- ADJUSTING

tains a constant pressure in the evaporator ' SCREW
by opening and closing in response to changes : if;;,
: in the load on the evaporator. Figure 15 A:E)EDLE N y
: P . PR SEAT N ]
shows a diagram of the automatic expansion b -
valve. The valve consists of a needle and  PAESSURE
seat, a pressure bellows or diaphragm, and
an adjustable spring. , g
: ' t SPRING
OPERATION. The operation of the ' Y PRESSURE a2

valve is automatic. Oncé the tension on the .

spring is adjusted for a desired pressure, @ )

the valve will automatically adjust the flow Figure 15. Autofi@iic Expansion Valve
of refrigerant so that the desired evaporator pressure is maintained no matter what the
load on the evaporator is, This is accomplished as a result of evaporator pressure
working against spring pressute. Evaporator pressure rises. If the pressure rises
above 15 psig it will override the spring pressure closing the valve off.

The operating characteristics of the valve are such that the valve will close off when
the unit cycles off and remain closed. Some refrigerant remains in the evaporator and
continues boiling after the compressor cycles off. This increases the pressure in the
evaporator over the spring pressure causing the valve to close.

Thermostatic Expansion Valve

The thermostatic expansion valve is the most widely used metering device because
of 1ts high effi¢iency and adaptability to any type application. It maintains a constant
degree of superheat in the evaporator allowing the evaporator to be completely filled with
refrigerant no matter what the load on the system is. Because of this, it is very suitable
for systems with wide load variations.

The principal parts of the valve are: the needle and seat, a diaphragm or bellpws,
a remote bulb connected to one side d%;the diaphragm or bellows, and an adjustable

- spring, see figure 16.
. Q Y AN — CAPILLARY TUBE

ooooooo

BELLOWS

REMOTE BULB

“

INTERN AL
EQUALIZER PiN
PORTS
. OUTLET TO
EVAPORATOR
INLET FROM SPRING
‘ RECEIVER
Figure 16. Thermostatic Expan- : 800Y
sion Valve Construction AGJUSTING SCREW ~——meee LI cue-03
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OPERATION. The operation of the thermostatic expansion valve results from the
interaction of three independent forces, (1) evaporator pressure, (2) spring pressure,
and (3) remote bulb pressure. Remote bulb pressure tends to open the valve and the
combination of evaporator and spring pressure tend to close the valve.

An example of the operation is as follows: referring to figure 17 let's agssume that
R-12 refrigerant is boiling in the evaporator at a temperature of 24°F, Evaporator
pressure (Py) is 23. 9 psig corresponding to a temperature of 24°, Assume further that
the spring tension is adjusted to exert a pressure (P3) of 6.2 psi, so the pressure tend-
ing to close the valve is 30.1 psig, the sum of P1(23.9) and Py (6. 2). If there isn't any
pressure drop in the evaporator we can safely say that the temperature and pressure of
the refrigerant are the same throughout the evaporator as long as there is a liquid and
vapor mixture. However, at some point (B) near the end of the evaporator all the re-
frigerant wilt have changed to a vapor. From this point (B) on, the vapor will continue
to pick up heat, becoming a superheated gas. This increases the temperature while
the pressure of the gas remains constant. In this case let's assume the vapor is8 super-
heated from 24° to 32° (8° superheat) from point B to the remote bulb location at point C.

The temperature of the refrigerant in the remote bulb will be the same as the vapor in
the line (329). This pressure is exerted on the diaphragm of the valve tending to open
" the valve. In the example above the pressure tending to close the valve (P1 + P2 = P3)
so the valve will remain in whatever position it is in, The valve will remain in this
position until there is a change in superheat unbalancing the valve one way or the other.

=

( BULB PRESSURE Pj3 1

OIAPHRAGM

L_ EVAPORATOR
PRESSURE Py 24® -239 PS!

SPRING C :
& | PRESSURE -
P
ADIUSTING =~ 2 24° - 239 PSI )>
D

NEEDLE
AND SEAT

SCREW N
C
320 - 301 PSI
\—’ﬁ

N——

24° . 239 PSI

/ 32° . 239 PSI /
8 " cut-onra

C

Figure 17. Thermostatic Expansion Valve Operatign

Thermostatic Expansion Valve with Exterfal Equalizer

The refrigerant drops in pressure as it goes through the evaporator, 8o the boiling
point of the refrigerant will also drop with the pressure. As long as the pressure drop
is small 1t has little effect, but if it i8 large the temperature at the outlet of the evapo-
rator will be considerably lower than at the inlet. This has an adverse effect on the
valve in that a higher degree of superheat is required to balance the valve. In this case
an externally equalized valve must be used to compensate for the pressure drop.
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- This can be shown by using the same example as shown in figure 17 but allowing for 2 q ’
an 8 psi pressure drop in the evaporator {figure 18). The following would occur: The
boiling poin§ of the refrigerant at the inlet of the evaporator is 240 with a pressure of
23.9 psig (P}) pushing against the diaphragm. The spring tension is adjusted at 6. 2 psi
(P2) so a remote bulp pressure (P1 + P2 = P3) of 30.1 psi (Pg) is required to balance the
valve. In the previous example 80 superheat was required to balance the valve, but let's
__assume that the refrigerant has a pressure drop of 8 psi. This will drop the pressure at
the outlet of the evaporator to 15.9 psig resulting in a drop of boiling point to 120F. This
means that the suction gas will have to be superheated from 12° to 320 (20°F) to provide
the proper pressure in the remote bulb to balance the valve, To obtain this much super-
heat, point B must be backed up in the evaporator making a larger portion of the evaporator
ineffective, This,in turn,reduces the capacity and efficiency of the unit.

i ; 24% . 239 PSI

S TG 2
G

¢

8 PSI PRESSURE DROP ) )
200 -
211 PSI
[ ——— 126 . 159 PSl )

4 -t
]

] 159 PSI

CME OIS

Figure 18. Large Pressure Drop Effect

OPERATION. To compensate for this pressure drop an externally equalized valve
may be used. Referring to figure 18 notice that a small line from the evaporatox: ocutlet
allows evaporator outlet pressure (Py) to work against the diaphragm instead of inlet
pressure. In this way the pressure drop has no effect on the degree of superheat re-
quired because Pj is now 15. 9 psi instead of 23.9 psi. Therefore, ;to balancg the w{alve
a remote bulb pressure of 22.1 psi (15, 9+6.2= 22, 1) or 20° is required maintaining
an 8° superheat setting.

ACCESSORIES

A number of accessory items are usedg: refrigeration systems for specific
purposes, and their requirement in 2 particular system depends on the application.

Heat Exchangers

A heat exchanger ( figure 19), whether used in refrigeration, heating, or any other
application is a device for transferring heat. In the refrigeration industry, a heat
exchangeT 18 used to transfer heat from the hot liquid line into the cool suction line. A
typical heat exchanger 1installation is illustrated in figure 20. The suction vapor {at a -
low temperature) goes through the inside tube in one direction and the hot liquid goes
through the outside tube in the other direction. The het liquid in the outside tubes keeps
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the heat exchanger from sweating. For best efficiency, the heat exchanger should be
installed in the refrigerated space. . e

The counterflow effect of the hot liquid on cool vapor increases the heat transfer
rate. ’

Advantages of Heat Exchangers

There aie several advantages of using heat exchangeré.

1. Minimizes flash gas. '

2. Sweating or frosting of the suction line is rﬁinimized or eliminated.

3. Flooding of liquid refrigerant to the compressor is minimized or eliminéted.
4. Liquid enters ’(the expansion valve at a lower temperature.

This advantage is very important in low temperature application. The hot
liquid that comes from the redeiver must have its temperature reduced in the
evaporator before it can be evaporated. This means that heat is being carried into
the eévaporator by the hot liquid. In passing through the expansion valve, part of the
liquid vaporizes and takes up the sensible heat from the rest of the liquid, reducing
its temperature to that of the evaporator. .

As an example, if one pound of 100° F liquid passed through the expansion
valve into an evaporator with a temperature of 0°, about 1/16 of the pound would be
vaporized reducing the 1000 F liquid to 00, Therefore, there would be only 15/16
of a pound of liquid left to produce refrigerating effect.

5. Increase compressor efficiency.

At air-conditioning temperatures, a heat exchanger will increase the volume
of the suction gas enough to offset any advantage gained by reducing the amount of
flash gas in the evaporator. This has caused several manufacturers of air con-
ditioning equipment to eliminate the use of heat exchangers in their systems. How-
ever, when you consider the following conditions, it becomes obvious that heat
exchangers can be an advantage to all systems.

All compressors must have an oil film on the sides of the cylinder to reduce friction
between the cylinder and piston. If this film of oil is full of refrigerant each time the
piston goes down, the refrigerant in the oil will evaporate in the cylinder. This reduces
the amount of vapor the cylinder can remove from the evaporator. A heat exchanger
will increase the temperatures of the suction gas. This, inturn, increases the temper-
ature of the cylinder wall and the oil, which results in a thinner film of oil on the cylinder
wall. The thin oil film can hold very little refrigerant so the piston can remove more
vapor from the cylinder each stroke.

A heat exchanger may be manufactured by soldering the liquid line to the suction
line. This is not very effective but it will help to reduce suction line sweating.

)
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Figure 19. Heat Exchanger (Shell and Tube)
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Figure 20. Typical Heat Exchanger Installation
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Figure 21. Accumulator

CMB-046A

Accumulators

An accumulator is in reality a heat exchanger, but it does more than a heat exchanger
does. The accumulator (figure 21) is a tank installed in the suction line as near the
evaporator as possible. The vapor and any "flood over" liquid will enter the accumulator
at point A. The liqud will fall to the bottom of the tank but the vapor can escape through
line Bto the compressor. Hot liquid from the receiver flows through line C and loses its
heat to the liquid in the bottom of the tank, This exchange of heat forces the liquid to
vaporize and 1s removed by the tompressor through line B. After the exchange of heat,
the cooled liquid continues to the expansion valve through line D. The accumulator is
used on systems operating at 0° F and below. '
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Qil Separators

Oil separators (figure 22) are just what the name implies. They separate the oil
from the vapor. An oil separator consists of an enclosed steel cylinder with a float and
needle valve inside, a gas line from the compressor, a gas line to the condenser, and an
oil return line to the compressor crankcase. As the hot vapor and oil come from the
compressor, the oil falls to the bottom of the oil separator and the vapor goes to the
condenser. When enough oil has accumulated, the float rises, opening the needle valve
(the needle valve is always below the level of the oil). The high side pressure forces
the oil to return to the low side of the compressor.

HOT GAS FROM

COMPRESSOR
OIL LINE TO HOT GAS TO
- COMPRESSOR ! . CONDENSER
L . . J .

FLOAT

VALVE

‘ . i y

Figure 22. Oil Separator

CMB8-0468

Most expansion systems operating at temperatures above 0° F do not need an oil
separator. Water coolers, low-temperature systems, and complex multiple installa-
., tions operate much more efficiently if an oil separator is installed. The oil separator
is irsulated to prevent the discharge vapor from condensing to a liguid. i

An oil separator is not a vital part of a refrigeration system and is not a cure-all
for all cases of oil logging. Figure 23 shows a typical installation.

CONDENSER @
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)) - EVAPORATOR
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Figure 23. Typical Oil Separator Installation CMB.04a5¢C
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Moisture in refrigerating machines constitutes a very important problem forsboth
the manufacturer and serviceman. Engineering has solved most of the mechanical
problems in refrigeration while producers have virtually eliminated difficulties due fo
refrigerants unless those are mishandled. For the most part, satisfactory lubricating
oils have been provided, reducing trqubl' from this source to a minimum. However, ™,
moisture is still found in some machings. Absence of moisture is absolutely essential. i
for satisfactory machine operation. It is, therefore, imperative that moisture be
eluninated during the manufacturing process, and the entrance of moisture in a system
be guarded against in all fields of operation. If moisture does get into the System, the
removal must be accomplished as soon as possible.

o

e
PR
‘e

Cause of Moisture

¥ /'
Moisture may get into a system as the result of:
1. Faulty drying methods at the factory. 1
i
2. During assembly or service operation in the field. |
3. Low side leaks (this can only happen if the low side is below atmospheric '\
pressure or operating in a vacuum). }
4, The breaking down of some hydrocarbon in the oil that produces moisture /
(caused by excessive operating temperature).
5. Moisture in the oil (this happens very often if the container holding the oil {s
left open for any period of time).
6. Moisture in the refrigerant (manufacturing methods will sometimes allow

moisture to get into the refrigerant).
Effect of Moulsture

Moisture in a refrigeration system may result in one or more of the following effects:

1. "Freezing up' at the expansion device (this can only happen if the temperature
is below 32° F). \ : . .

2. Corrosion of metal to form sludge (this condition will stop up or clog the
expansion device and screen).

¢

3. Copper plating (this condition will result in the piston sticking in the cylinder).

Ice separates from the freon, chloride, and butane refrigerants whenever the
’ amount of moisture is great enough and the temperature of the refrigerant low enough.
This accounts for the formation of ice in the expansion valve, capillary tube, and
evaporator.

I4
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In low temperature units, a restricted expansion valve or capillary tube may result

from the separation of wax from the oil (thig copdition can be eliminated by using a2 -
dewaxed oil). : :

‘The corrosion of metals occurs anytime water
With some metals, this corrosion is very slow, but
The following information will give you an idea of ho

and refrigerants gome in contact,
with others, itHecomes much faster.
W and why this corrosion occurs.

1. Water and sulfur dioxide combine to form sulfurous acid (HZSO3). “This is a

~- mild form of the acid that is used in automobile storage batteries,, All of us
are familiar with the corrosion effect of battery acids.

Water and methyl chloride combine to form hyd.rochloric acid (HCl). This
) acid is used to clean the rust from iron before soldering,

3. Water ard Freon comb:ine to'form hydrofluoric acid (HyF3). This acid is used
to etch glass. The combining of water and Ireon is very slow and only a small
amount of the ac.d is formed. Some servicemen in the field claim that water A
in a Freon system will not cause corrosion, but if the water is left in the
system long e.ough, it will give trouble.

Driers

|
If', despite all precautions, some moisture finds its way into the system, it mus‘lhe ‘
reduced to an absolute minimum for satisfactory operation. This can be done by the use {
of a desiccant (drying agent). :

pe bd

A drier (figure 24) consists of a shell with-a"screen and filter ;t éach eﬁd and the
intervening space filled with a drying agent. The drier contains a chemical which has :
the property of removing moisture either by chemical or mechanical action. A drier is

usually installed in the liquid line and should be placed in a vertical position with the .ine
from the receiver connected-to the bottom. )

OUTLET

Figure 24. Drier

CALCIUM CHLORIDE. This is a chemical desiccant that may be used with all
refrigerants. It will not Feddce the moisture content to a very low level, but is satis-
factory for ordinary refrigeration systems. When calcium chloride absorbs excessive

. amounts of moisture, 2 highly corrosive liquid is formed which will escape and cause
) disastrous results. A’driér containing this chemical should not bg left in the system
over 24 hours. g CT o ;
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CALCIUM OXIDE. This is a cheap and efficient desiccant. Its principal disadvan- 256
tage is that it powders upon the absorption of excessive amounts of moisture, and the
powder being very fine may pass through the filter. ’
CALCIUM SULPHATE. This is in a granular form, and it has some dust but not as
much as calcuim oxide and with the correct filter does not cause any difficulty.

ALUMINUM OXIDE. This desiccant removes acid and moisture by adsorption. It
mav be used with any refrigerant. ‘

QILICA GEL. This is the most popular drving agent. I igslower than some of the
_others bu. it may Le left 1n the system indefinitely. Na

A /
Driers %7 e rated according to the horsepower of the compressor motor. If no data
is available, use one nound of desiccant for each 10 pounds of refrigerant in the system.

SYSTEM PROTECTIVE DEVICES

[\ 4

Vibration © liminators

On large installations where hard copper tubing is used, vibration eliminators must
be used. Vibration eliminators are made of corrugated copper tubing with a braided -
bronze protecting cover. They are installed in both the discharge and suction lines and
absorb the vibration of the compressor. High-pressure flexible hose is also used as a
vibration*eliminator, particularly in automobile air conditioning. 5

Fusible Plugs

These plugs consist of a bushing with the inside space filled with a soft alloy. This
soft alloy is the weakest point in the system. If the high side pressure should go too
high, the soft alloy will blow out. The fusible plug is easily replaced and it eliminates '
damage to some high-priced unit in the system.

Pressure Relief Valves }

These valves have the same purpose as the fusible plugs. When the pressure
reaches a predetermined point, this valve will open and relieve the excessive pressure.
As soon as the pressure has been reduced, the valve will close.

TherdJare two types of these valves in common usage--the adjustable and the non-
adjustable. The adjustable type can be set to open at any pressure desired. The pres-
sure shquld be set approximately 20 percent above the maXimum operating pressure.
For a Freon-12 system using an air-cooled condenser, this would be 230 to 235 psi.
The nonadjustable is set at the factory. The pressure setting is normally stamped on
the top of the valve. When using a valve of this type, make sure the setting is high
enough so that the valve will not open during operation but is low enough to protect the
equipment. ’

A

Strainers X

Regardless of how careful the serviceman performs his job, he will allow some
small bits of metal, dirt, or other foreign matter to enter the refrigeration system.
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Strainers are used to catch and hold these small foreign particles before they damage the N
compressor or clog up the expansion valve. Strainers are made from fine mesh wire and .
are designed to hold a great deal of foreign material before they become stopped up. - |
Strainers may be located in éither the liquid line or the suction line, or both. There A
should always be a strainer at the inlet of a refrigerant control and in the compressor o
just before the vapor enters the cylinder.’ ‘

TYPES OF ST\RAiINERS. There are several types of strainers.

|
« |
1. Line Strainer. This strainer is installed in the liquid line. The strainer -
area is normally 20 times larger than the line. It is cleaned by removing the ! |
unit and blowing dry air or refrigerant through it backward. ’
2. "Y" Strainer. This strainer consists of a "Y' -shaped frame containing a
removable screen. The frame is installed in the line and the screen is
removable without removing the strainer frame from the line.

3. Angle Strainer., ‘This strainer is always installed where the line makes a 90°
angle. It is possible to remove and clean the screen without disturbing the
lines. :

4. - Finger Strainer. ' This strainer is a fine mesh screen in a cylindrical form. . -
It is installed at the inlet of expansion valves and in the compressor valve

plate. - "
Muiflers '

Where quiet operation is essential, specially designed mufflers may be’installed to X
reduce compressor noise. These mufflers ape installed in the discharge line near the ) {)
compressor. : ,

AY - - e e

Summary '

You have seen how the various components of a refrigeration and air-conditioning

. system function, and their relationship to each other in making up the entire system.
Through careful study of this unit you should have an insight into the problems that may
arise and the procedures required to maintain troublefree systems. Proper operation
of the compressor, condenser, evaporator, metering devices, cooling towers, and all
system accessories should be your goal as a competent, proficient specialist.
References:

. t

1. Textbook; Modern Refrigeration and Air Conditioning, Althouse, Turnquist,
Bracciano :
2. Textbook; Trane Refrigeration Manual
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REFRIGERANT PIPING

Refrigerunt flowing through refrigerant lines has a drop in pressure due to friction
between the refrigerant and the walls of the tubing. We cannot avoid this pressur. drop
but can m.nimize its effect by installing the proper line size. The longer a line, the
more valves and fittings in the line, the greater this pressure drop will be. This must
be compensated for by using larger lines to avold pressure losses which reduce the
zapacity and efficiency of the system.

Suction Lines

The suction line 1s the most critical line in the svstem. It must have a high enough
velocity to return the o1l to the compressor. Minumum velocities are: 500 fpm on
horizontal runs and 1006 fpm on vertical runs with 1 maximum velocity of 4000 fpm to
avuid excessive noise. ‘

The suction line must also have .. minimum pressurée drop tc prevent reduction of
compressor capacity. This pressure drup should no: exceed 2 ps: on R-12 or 3 psi
on R-22 for air~conditionipg applicrtions.

SIZING SUCTION LINES. Charts such as the one shown 1 figure 25 are used to
figure suction line s1ze. This chart 1s based on a 40V suction :ind a 105° condensing
temperature. If the urit has other than these conditions the design tonnage must be
corrected. Figure 25 has correction factors to be used before Zoing to the line sizing
chart  To correct th~ tonnage, multiply it by the correction factor and use this new
figur: as your ..nnage

You wilf notice 1n figure 25 that some figures are omitted on the 'eft side of the
chart. Here, the veloritv 1s below the recommended mintmum. The tonnage figures
om:t.ed on the right side of the chart are for velocities above the recom:g/\ended
maxxmum

Figure 27 1s a chart for the equivalent length to add to the line for valves and fittings
xnstaued ' the line. .

The velocity of the gas must also be checked after sizing the l.ne see figure 28.
This cnart 1s also based on design conditions of 40° suction and 105° condensing temp-
eratures. Use the correction chart, figure 29, to correct the tonnage if other than
these conditions exist. The tonnage 1s multiplied by the correction factor to obtain
corrected tonnage.

31
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Cond. Suction Temperature
Temp.| O 5 10 15 1 20 25 30 35 40 45 50
85 11.46 1 1.36 | 1.29 |1.21 | 1.13 §11.07 |1.02 | 0.97 | 0.91 | 0.87 0.82
90 1,50} 1.39}1.32 {1.23]1.18 {1.10 | 1,04 ]0.99 | 0.93 | 0.89 {0.84
95 11.53 1 1.43 1 1.35 {1.26{1.19 {1.12 |1.,07 |1.01 | 0.95 }0.91 0.88
100 j1.57 | 1.47 ) 1.38 {1.30}{1.22 }1.15 [1.10 | 1.04 | 0.93 | 0.93 | 0.88
105 ‘162115 !142 11,33 4¢%.2511.18 11,12 {1.06 }1.00 10.95 |{0.%
110 11.66 | 1.55 | 1.46 | 1.37 ] 1.28 | 1.21 | 1.15 | 1.09 | 1,03 | 0.98 | 0.92
115 11.71}1.59{.1.50 | 1.40 | 1.32] 1.24 | r.18 | 1.12 { 1.05 | 1.00 | 0.95
120 11.76 | 1.64 | 1.54 | 1.44 { 1,36 } 1.28 |1.21 | 1.15 | 1.08 | 1.03 | 0.97
125 11.82 1 1.691]1.59 :1.49 | 1.40 | 1.31 j1.25 | 1.18 | 1.11 | 1.06 { 1.00
130 1188 | 1.74 1 1.64 ¥1.54 1.44 1 1.36 j1.28 {1.22 {1.15 1,09 |1.03
Figure 26. Correction Factors for R-12 Suction Lines
Globe
Valves- Ell, Ell, Line Branch
Line Sol. Angle Short Long Flow Flow
Size Valves Valves Radius Radius Tee Tee
1.2 10. 24 4.5 3.1 1.5 6.5
5/8 12 25 5.5 3.8 2.2 8.3
3.4 15 25 6.5 4.5 3.0 9.7
18 18 28 1.9 5.4 3.8 12.2
11/8 87 29 2.8 2.0 2.5 8.0
13/8 102 33 3.4 2.4 2.9 10.3
158 115 34 3.9 2.8 3.2 12
21/8 141 38 5.3 3.4 3.9 16
2 58 160 44 6.5 4.4 4.6 20 N
31/8 183 33 8.0 5.1 5.4 25
358 216 65 10.0 6.4 6.7 29.8

Figure 27. Equivalent Lengths for Valves and Fittings
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An example of sizing a suction line is as follows:

A system using R-12 with a capacity of 25 tons has a suction temperature ot 25°
and a condensing temperature of 115°. Find the suction line size if the line is
25-feet long and contains 3 short radius ells, and one solenoid valve.

SOLUTION:
Referring to figure 26 the correction factor is 1.24.
Corrected tonnage is 1.24 X 25 = 31 tons.

Referring to figure 25 estimate the size line to be used so that the equivalent leugin
for the valves and fittings may be figured. This figure at 30 feet is 2 5,/3-incn line
which will handle 41. 5 tons.

Now go to figure 27 and figure the equivalent length of the valves and fittings.

3 short radius elils - 13.5 1t.
1 solenoid valve - 160.0 ft.
actual length of line - 25.0 ft.

204.5 ft.

Refer back to figure 25 and check the line size to be used for the equivalent leagth
of 204.% feet. From figure 25 we find that a 200 feet 2 3 1 8<inch line will carry 34.4
tons and at 250 fee* it will carry 30.5tons. We can be safe in saying it will handle a
31~ton load.

To check for the proper velocity in the suction line do the following:
Referring to figure 29 find the correction factor for velocity, 1.41.
Corrected tonnage is 1.41 X 25 = 35. 25 tons. .

Refer to figure 28 and we find that the velocity ’ior a 35-ton load using a
31/8~inch suction line is approximately 2300 fpm, which is sufficient for
* oil return.

LINE SIZE
. . N & &4 N S LR R
i Q ‘. b I\ Iq /‘, I\ /‘, ' [\ Iq I\ [‘ I‘
5800 ~ © » - ~ ~ ~ “ “» k) > » ® L
z 7 v IZASLY 7 T 7 7 .
$ el 2 7 TIATT 7 A 1T L 7 yARD 4
= A AV A 4 Y h
T 3000 LA AL VARV, ANy
3 2300 ﬂ‘ / (/ d / ,/ ,1 /A / /
2000 /// /’/ ». )4 ya /L/ vd
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Figure 28. Line Velocities
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Cond. Suction Temperature

Temp.l O 5 ‘10 15 20 t 25 30 35 40 45 50
85 [2.06 | 1.84 [ 1.71 ] 1.49 }1.35)1.22 1,10 {1.00}0.91 |0.83 }0.78

- 90 |2.11 {1,89]1.751.53]1.38 1.25 {1.13 { 1.03 | 0.93 | 0.85 | 0.78
95 {2.16 {1.93 | 1.80 | 1.56 | 1.41 | 1.27 }{1.15 |1.05 §0.95 | 0.87 {0.79
100 {2.21 11.98 {1.84 | 1.60 | 1.45 | 1,31 | 1.18 | 1.07 { 0.98 { 0.89 } 0.81

| 105 2.2 2.04 11.8911.64 11.48 {1.34 |{1.21 {1.10 | 1.00 ,0.91 }0.83
110 12.34 {2.0911.94{1.6911.52 1 1.37 }11.25{1.13}1.03 0.93 {0.85
115 12.40 [ 2.15§2.00 | 1.74 | 1.56 | 1.41 | 1.28 | 1.16 1.05 { 0.96 { 0.88
120 12.48 [ 2.22 | 2.06]1.79 |1.61 ] 1.45]1.31 | 1.19 ! £ 08 | 0.99 | 0.90
125 {2.55 | 2.28 }2.12 1 1.85 | 1.66 ] 1,50 | 1.35}1.23 | 1.11  1.02 !0.92
130 1264 | 23612190 1.90 ] 1.71 | 1.54 | 1.39 | 1.26 | 1.15 | 1.04 | 0.95

Figure 29. Suction Line Correction Factor

Discharge Lines

The discharge line must be given almost the same consideration as the suction line.
The pressure drop 1sn't as critical but velocity must be sufficient to insure oil flow with
the refrigerant vapor. The same velocity pressures as for suction’\lines apply to dis-
charge lines: 500 fpm on horizontal runs, and 1000 fpm on vertical runs, and a maxi-

mum velocity of 4000 fpm.

Pressure drop for discharge lines are a maximum of 4 psi for R-12 systems and

6 psi for B-22 systems. i
o 5 . Z

SIZING DISCHARGE LINES. Charts such as the ong shown in figure 30 are used
for sizing discharge lines. This chart is also based on 409 suction and 105° condens-
1ng temperatures. If the unit has other than these temperatures, the tonnage must be

corrected using figure 31.

These charts are set up the same way as the charts on suction lines with the figures
omitted on the left and right of the chart being too low or too high velocity.

L

F;igure 97 is also used on the discharge tine for figuring equivalent lengths for
valves and fittings. N

Velocity of the gas in discharge lines are checked by using figure 32 with the ton-
nage cogrectlon factor to be used for velocity in figure 33 when conditions are other
than 40° suction and 105° condensing temperatures. :

An example of sizing a discharge line is as follows:

Using the same system as with the suction line find the size of the discharge line
¥ the lme 18 27 feet and contawns 2 short radius ells and one compressor shutoff valve

{angle).
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SOLUTION:

Referring to figure 31 the correction factor is 1.00 so the corrected
tonnage will remain at 25 tons (1.00 X 25 = 25 tons).

Next, refer to figure 30 to find the estimated line size. Using the 30 feet figure
we find that a 1 5/8-inch line will give a 30-ton capacity. g\\

Now go to figure 27 and figure the equivalent length of the fittings and valves:

2 short radius ells - 7.8 ft :
1 angle valve - 34.01t ‘
Actual length of line - 27.01ft
} Length| Pres-
mn.gt sure O.D. Copper Tubing .
Feet Drop {12 158}3/4!781}111/8113/8{15/6121/8125/8| 31/8
1 0.811.512,513.87 7.7 {12.7 {21.1[43.2 | 71.5 121
20 2 1.2 12.2}3.615.6{11.1 J18.7 | 30.0
3 1.4 /2.7;4.5}6.9713.8 {23.1
4 1.713.115.2418.01{16.0
1 1.21 2.0} 3.1 6.2 110.5 | 17.0 | 34.8 | 62.5 98
30 2 0.911.712.914.5 9.0 }15.2 | 24.6 | 50.5 { 90.5
3 1.2 2,3{3.6]5.6[11.1 {18.7 }{30.0
4 1.4 12.514.216.5113.0 {21.8 &
L 1 1.7+ 2.7 5.3 8.1 {14.7130.2 | 5.0 84
0 2 [0.8]1.5{25(3.8! 7.7 |12.7 {21.1|43.8 | 77.5] 121
3 1.011.913.1}4.8 9.5 |16.1 | 26.0 | 84.0
4 1.2 12.213.615.6{11.1 §18.7 { 30.0
1 2.4 4.1 8.1 {13.0 ] 26.8 | 47.4 | 74.5 |.
29 2 1.3 2.2] 3.4 6.8 11.6 | 18.7 | 38.5 | 69.0 {107.0
3 0.9]1.6}2.814.2 8.5 {14.3 }23.2 | 47.6 | 85.5
4 1.011.913.214.9 9.9 |16.6 | 26.8 | 55.5
1 6.6 110.51 21.5{ 38.6 | 60.5 ,
75 2 1.8 2.8 | 5.5 9.4 115.2 } 31.2 |{-55.5 | 817.0
3 1.31 2.2} 3.4 6.8 [11.6 | 18.7 | 38.5 | 69.0 {107.0 )
4 0.811.51 2.61 4.0 7.9 113.6 121.6 1 44.6 | 80.5 {125.0
1 9.0 | 18.4 | 32.9} 51.5
100 2 2.4 4.7 8.1 113.07] 26.8 | 47.4 4.5
3 1.9 2.9 5.9 110.0 { 18.1{ 32.9 | 56.6 92.5
4. - 1.31 2.2} 3.4 6.8 111.6 | 18.7.{ 38.5 } 69.0 {107.0
1 16.4 { 29.5 | 45.9
2 4.2 { 7.2 {11.6 | 23.7 | 42.5 | 65.6
3 1.71 2.6 5.2 8.8 114.3 | 29.4} 52.5}{ 82.0
4 1.2712.01 3.1 6.7 110.4 | 16.7 { 34.1 | 61.51 96.0 .
Figure 30. Tonnage Ratings for R-12 Discharge Lines
_- .
Cond. Suction Temperature
emp.{ 0 5 10 15 20 25 30 35 40 45 50
85 f1.17 | 1.151.1.14 { 1.12 { 1.11 §1.10 }1.09 {1.08 J1.07 [I.06 | 1.05
90 j1.14 {1.13 {1.12 {1.10 { 1.09 ; 1.08 { 1.07 { 1.06 | 1.05 1.04 {1.03
95 j1.12 {1.11 {1.10 | 1.08 { 1,07 | 1.06 [ 1.05 | #.04 |1.03 }1.02 | 1.01
100 {1.10 {1.09 { 1.08 | 1.07 | 1.06 | 1.04 }1.03 | 1.02 §1.01 |1.00 | 0.99
105 /1.09 {1.08 { 1.07 |1 1.06 { 1.05 | 1.03 {1.02 | 1.01 {1.00 }0.99 | 0.98
110 j1.08 J1.07 j1.06 | 1.05]1.03 [1.02 {1.01 | 1.0 0.99 10.98 {0.98
115 41.07 {1.06 { 1.05} 1.03 | 1.02 | 1.00 | 0.99 | 0.98 {0.97 {0.96 | 0.95 .
120 }1.04 11.02 { 1.01 | 1.00{0.98 [ 0.97 | 0.96 {0.95 |0.94 {0.93 {0.92
126 {1.02 11.01 | 1,00 | 0.98 | 0.97 § 0.96 § 0.95 | 0.94 { 0.93 0.92 | 0.91
130 11.00 {0.99 {0.98 ! 0.98 ) 0.98 |{0.95 }0.94 }0.92 {0.91 j0.90 | 0.89

Figure 31. Correction Factors for R-12 Discharge Lines
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Refer back to figure 30 and check the line size to be used for 68.8 feet. From fig-
ure 30 we find that at 75 feet a 2 1,/8-inch line will give 44.6 tons at 4 psi pressure drop
or 31.2 tons at 2 psi pressure drop-which is sufficient. The next smaller line would
result in too large a pressure drop.

R

Velocity may be checked in the same manner as for the suction lines but using fig-
ure 30 for correction factors and figure 26 for velocity. ) {

Correction factor = .99 X 25 = 24,175 tons; velocity for a 2 1/8-inch line is approxi-
mately 1700 fpm which 1s sufficient.

Cond Suction Temperature
Temp! 0 5 10 15 20 25 30 35 40 45 50
85 [(1.43 [ 1.40 | 1.36 1.331 1.30 ] 1.27 §1.24 [ 1.22 {1.20 {1.18 | 1.18
90 [1.38 {1.34 |1.30 {1.27§1.24 [1.21 J1.19 j1.16 }1.14 {1.13 | 1.11
95 11.32 | 1.28 | 1.24 }1.21 % 1.18 [1.16 |1.13 } 1.11 |1.09 |1.07 | 1.06
100 }1.27 | 1.23 {1.19 1.16) 1.14 { 1.1t {1.09 ] 1,06 1.04 [ 1.03 | 1.01
X 105 11.22.43.18 § 1.15~~%+-12/11 09 | 1.06 {1.04 | 1.02 ;1.00 {0.98 { 0.87 |
- 110 {1.18 { 1.14 ; 1.10 | 1.0 1.05 | 1.02 { 1.00 { 0.98 {1 0.96 | 0,94 | 0.93
115 §1.14 11.10{1.06 | 1. 1.01 | 0.99 | 0.96 | 0.94 | 0.92 { 0.91 | 0.88
120 {1.09 } 1.06 j 1.03 | 1. 0.97 | 0.95 } 0.93 ] 0.91 {0.89 j0.87 | 0.86
125 {1.06 ! 1.03 { 1.00 {0.97 | 0.94 } 0.92 | 0.90 | 0:88 | 0.86 | 0.84 | 0.83
130 {1.03 {1 00097 {0.9 0.914{0.89 }0.87 ] 0.85}0.83 {0.81 1} 0.80

Figure 32. Correction Factor for Ventilation of ‘R-12 Discharge Lines
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Condenser Drain Lines

This is the line which delivers the liguid refrigerant from the condenser to the
receiver. This line must be carefully sized, An undersized line wili cause liquid to
build up in the condenser, raising the head pressure and decreasing the efficiency and
capacity of the system. This line must be as short as possible and the condenser must
be installed above the receiver, *

SIZING CONDENSER DRAIN LINES., Charts such as the one shown in figure 34 are
used in sizing condenser drain lines. This chart also shows the minimum height (in
inches) that the condenser must be above the receiver. Where there is a blank space 1t
means this combination of length and pipe size is not recommended.

~

Length 0.D. Copper Tubi

in /2 5/8 3/4 778 1178
. Feet Tons Ht. Tons Ht. Tons Ht. Tons Ht. Tons Ht. -
20 1.6 | 13 I3 [ 14 1| 33 112 5.0 1 12 145 110 ¢ -
15 - _ 13.5 | 12
160 ’ T 12,5
R 150 . " L 11.5 ' 19
10 il. i t
Length ' O.D. Copper Tubi ¢ )
1) 13/8 X 13/8 21/8 2 5/8 31/8 -
Foet Tons 1t. Tons Ht. Tons Ht. Tons Ht. Tons Ht.
50 13.5 9 3551 8 66.5 7 109 6 165 5
15 22.0 | 12 , 33.5] 11 62.5 9 104 8 156 7
100 20.0 | 14 ' 31.01 13 59.0 | 11 98 9 147 9
150 18.5 | 17 | 29.0 1 18 55.0 | 14 91 12 138 117
[ 200 50.0 | 18 84 14 129 13 N

Figure 34. Tunnage Rating for R-12 Condenser Drain Lines <
This chart is for standard conditions of 40° suction and 105 condensing tempera-
tures. Correction factors {or other than these conditions are the same as for lLiquid
lines ccvered in figure 36. \
Procedures fof siz.'mg th:s line are the same as the other lines. Velocity does not
have to'be checked becaus@e oil is easily carried by the liquid refrigerant.

Liquid Linesg

This line is the least criticai n the system. The refrigerant is in the liquid state
so the oil is carried along with no problems. Pressure drop is not critical but must be
neld at a reasonable value to prevent flash gas in the line. Pressure drop should be
held at approximately 2 psi for R-12 and 3 psi for R-22 systems. Velocities should be
held below 300 fpm to prevent liquid hammer and noise caused by solenoid valves,

)

STZING LIQUID LINES. Figure 35 is an example of a chart used to size liquid lines,
This chart is based on 40° suction and 105~ condensing temperatures. Correction fac~x.
tors for tonnage are found 1n figure 36 for cher than these conditions.

L4




Length| Pres- :
In sure 0. D. Copper Tubing
Feet {Drop {1-2 1581 3.4 7.8 {11,8113/8{15/8 {218 { 25/8{31 8
0.3 [1.1]2.2] 3.7] 5.8 | 11.9] 20.7] 32.9 | 69.0 123 | 195
so |06 [1.713.2} 521 85 | 17.4 30.2| 47.9 | 101 117
’ 1.0 {2.3/4.0| 7.3 |11.3 | 23.11 40.3| 63.5
2.0 }3.316.3{10.7]16.5 ! 33.9 *
0.3 J0.9[1.7] 2.9 4.7 9.6 16.5| 26.3 | 55.0 100 | 156
75 1 0.6 |1.3}2.6] 4.4 6.8 | 13.9]24.3| 38.3 | 80.5 143 | 229
1.0 {1.83.4} 581} 9.0 | 18.51! 32.2{ 51.0 | 106.0 1817
2.0 12.715.0] 8.6113.2 | 27.2] 421} 74.0
0.3 |0.8]1.5] 2.5] 3.9 8.1] 13.8| 21.7 | 46.2 | 83.5] 132
10 { 0.6 [1.1{2.2] 3.7 58 | 11.9]20.7| 32.9{ 69.0 | 123.0| 195
1.0 [1.5(2.9} 50 7.7 | 15.8] 27.7| 43.4 | 90.5 | 161.0 | 258"
2.0 33400 7.3111.3 1 23.1!40,3! 63,5
0.3 0.7}1.3] 2.2] 3.4 7.10 12,1} 19.4 | 41.0 | 74.0 117
25 |06 JLOj19} 3.2, 51 1103} 17.8| 28.3 | 59.5 | 107.0! 170
{10 |1.4{2.6]| 4.4 6.8 | 13.0] 24.3 %%z’ 80.5 | 143.0 ! 229
2.0 [2.0/3.81 64 110.0 | 20.4] 35.6 5| 118.0
0.3 [o0.6]1.2] 2.0] 3.2 6.6 ] 11.3 /1\2\.25 37.8 | 69.0] 107
150 |06 [o0.9]1LT| 2.9] 4.7 9.6 | 16.5] 2& 55.0 | 100.0| 156
1.0 [1.2(2.3] 4.0} 6.2 | 12.6] 22.0| 34.9 ["\3.0 | 131.0 | 207
2.0 j1.813.4} 5.8 9.0 18 5|“32.2} 51.0 1-196.0 | 187.01 -
. |03 Jo0.6;1.1] 1.8] 2.6 5.9/ 10.1] 16.1 | 34.2 | 61.5]96.5
175 10.6 ]o91.6| 2.7] 4.2 8.6 | 14.8| 23.6 | 49.4 | 89.5 142
1.8/ 1.2 2.1} 3.5! 5.7 | 11.6| 20.2] 32.1 | 67.0 | 120.0} 190
2,0 §1,7/3.1] 541 83 1170294} 46,6 980 | 172.0| 215
0. 0.5/1.07 1.7} 2.6 5.5] 9.4] 14.9 | 31.9 | 57.5[90.5
200 |.0-6 [0.8!1.5f 2.5} 3.9 8.1 13.8| 21.7 | 46.2 | 83.5] 132
- 1.0 |1.0{2.0| 3.3| 5.2 | 10.8] 18.7} 27.6 | 62.0 | 112.0} 1717
2. 1.5{2.9/° 504 7.7 | 15.81 27.7} 43.4 | 90.5 | 161.0| 258
0.3 [0.5[0.9] 1.5] 2.3 4.91 8.3] 13.3-] 27.8 | 51.5]80.5
250 | 0-6 ]|0.7]1.3] 2.2/ 3.4 T\ 12.14-3874 | 41.0 | 74.0( 117
1.0 J0.9]1.7| 2.9 4.7 9.6)18.5| 26.3 | 55.0 | 200.0| 156
2.0 [1.412.6] 4.4 6.8 | 13.9{ 24.3] 38.3| £0.5 | 143.0| 229
Figure 35 Tonnage Rating for R-12 Liquid Lines
) 1 ‘
—
Cond. Suction Temperature
Temp.l 0 | 5 10 1 15 20 25 30 35 40 45 50
85 | .99f .98 | .97} .96 | .95] .94 | .93 | .92 .91 | .90 | .89
90 1.01}1.00! .99} .98 .97°| .96 | .95 .94 ! .93 | .92 .91
95 {1.04 | 1.03 {1.01|1.00| .99 | .98 | .97{ .96 | .95} ..94 | .93
. 10 1.06 | 1.05 | 1.04 | 1.03 ] 1.02 [1.01 | .00 | .99¢{ .98 ]| .97 .96
105 11.0911.08 | 1.07°]1.06 |1.04 | 1.03{1.02 {1.01{1.00] .99! .98
110 |1.12 { 1.11 [ 1.10 ] 1.08 [ 1.07 | 1.06 | 1.05 | 1.04 | 1.03 | 1.02 | 1.01
115 1,16 | 1.15 { 1,13 | 1.11 | 1.10 | 1.09 | 1.08 | 1.07 { 1.05 | 1.04 | 1.03
120 11,19 1.18 | 1.16 | 1.15] 1.13 | 1,12 | 1.11 | 1.10 | 1.08 | 1.07 | 1.06
125 |1.23 | 1.22 { 1.20 L-1.18 1,17 1 1,15 § 1.14 | 1,13 | 1.11 { 1.10 | 1.09
130 11.27] 1.25 | 1.244-1.23 | 1.21 | 1.19}1.17 | 1.16 | 1.15 | 1.14 | 1.12

7y

Figure 36 Correction Factors for R-12 Liquid Lines
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The figures omitted on the ri
This chart is used in conjunctijon

ght side of figure 35 are for
with figure 27, Equivalent I,

to compute the line size. Sizing is accomplished in the same

with the exception of the velocity

Suminary

No matter how large the othe
capacity is the capacity of the sm
the piping could easily reduce a 1
charts presented contain the nece
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stem are, its overall
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DOMESTIC HERMETIC SYSTEMS

STUDY ASSIGNMENT, Modern Refrigeration and Air Conditioning; Paragraphs 10-1
through 10-15, 8-26 through 8-31, figure 8-75, paragraphs 7-44 through 7-58, chapter
11, and chapter 12.

STUDY NOTES
Paragrabh 10-1. (

‘ Hermetic units have been on the market since 1926. Once you learn their construc-
tion you will find they are as easy to service as open units.

If you will recall the compressor designs studied in earlier units, you will find they
are the same ones used 1n hermetic systems in this unit. Static or natural condensers
are popular in some domestic cabinets, while fan-cooled are popular for units having
large frozen food compartments. .

Paragraph 10-2.

The typical hermetic system may use either of the above condensers. The refrig-
erant control 1s usually a capillary tube. It can maintain two temperatures, one in the
frozen foods compartment of 5° F or lower, and a temperature of 35% to 45° F in the
provisions compartment. Various methods are used to obtain controlled temperatures = g
in each compartment. ' |
\ l
|
|
|
1

Paragraph 10-3, 4.

The no-frost refrigeration system is one of the most popular types of cycles. This
system 1s dependent upon the use of forced air passing over a finned evaporator and
then across the food to be cooled or frozen. ‘

Paragraph 10-5, 6.
Vs

Domestic units, both the combination freezer and refrigerator or the separate food
freezer use either a reciprocating or rotary compressor of hermetic design.

Some forced convection evaporator coils use a fan to control the temperature of the
food compartment and the freezer compartment. In this-type of arrangement the two
systems are separated and insulated from each other. A duct system is used in both
compartments to provide a frost-free unit. Some units use a fan in both compartments.

r o, The liquid and suction lines of domestic units may be made of copper, steel or alunimum.

1
Paragraphs 10-8, 9, 10. 1

Paragraphs 10-11 through 13.

a plug-in cord, thermostat, relay and motor. The relay is usually used as a junction
box, the thermostat is connected in series with the motor, the light switch and light are
parallel with the motor. If the condenser 1s of forced convection, the motor is in series
with the tﬁermi)(ﬁat and parallel with the compressor motor. '

*

41

|
The elec’cal units on all domestic units are similar. The main wiring consists of
|
|
1
|
|
1
1
\
\
4
|
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Go over the wiring diagrams in the textbook carefully. If you ever have to replace
wiring keep the same color coding if possible.

Paragraphs 8-26 through 8-31 and figure 8-75.

Here is valuable information you should know. Careful study- of this material and
paragraphs 7-44 through 7-58 will enable you to overcome the many difficulties you may
encounter in servicing electrical components.

Chapter 11. :

Today after years of development and research, the domestic systegcabinet is an
artistic and technologi~ally developed appliance. It has a minimum of waste space
inside, it is a marvel of reliability, the hardwq,ge never seems to wear out. The exterior
is attractive and the interior places items readily at hand. Although the material
presented is quite lengthy, it will be of great benefit to you in the proper maintenance
of these units.

Paragraph 12-1. | . L ‘

¢ -

Good workmanship can only be done with tools of godd quality which are in good
condition. These tools must be used in the proper way. . SR

N <

Paragraphs 12-2 through 6.

It is importaht that you become familiar with the units y'ou willkbe called upon to
service. Most refrigerators huve a data plate and wiring diagram on the back of the
cabinet. The nameplate usually contains the following information; '

1. Manufacturer$s name

2. Type and'amount of refrigerant

3. Model number ‘

4, Serial number

5. Electrical data

"~ When servicing, many times it will not be possible to obtain an original part.
Relays, thermostats; capacitors, etc.all usually have identifying numbers. Cross-

reference manuals printed by manufacturers are an invaluable aid for making substitu-
tions. ’ . O

‘ Paragraphs 12 -7 through 9.

+

One of the most important things to remember when you are looking for trouble in a
system, is to use a systematic 